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4.1. PLAIN CEMENT CONCRETE 
EE ——————————<——oco71 FC 


Plain Cement Concerete is a hardened mass obtained from a mixture of cement, sand. gravel 
and water in definite proportions. These ingredients are mixed together to form a plastic mass 
which is poured into desired shape moulds called as forms. This plastic mass hardens on setting 
and we get plain cement concrete. The hardening of this mixture is caused by a chemical 
reaction between cement and water. 

Plain cement concrete has good compressive strength but very little tensile strength, thus 
limiting its use in construction. Plain concrete c¢ used where good compressive strength and 


weight are the main requirements and tensile stresses are very low. 


4.2. REINFORCED CEMENT CONCRETE 


low tensile strength. To improve the tensile strength of 
needed which can take up the tensile stresses developed in 
of steel bars which are quite 


Plain cement concrete has very 
concrete. some sort of reinforcement 1s 
the structure. The most common type of reinforcement is in the form 
strong in tension. 

The reinforcing steel is placed in the forms 
solidified composite mass is called as Reinforced c 
Thus, Reinforced cement concrete is a composite material which is made up of concrete and 
steel reinforcement. The steel reinforcement, generally in the form of steel bars, are placed in the 
tensile zone of the structure and take up the tensile stresses. R.C.C. is a versatile construction 


and fresh concrete is poured around it. This 
ement concrete and is abbreviated as R.C.C. 


3 
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; ~ — s tension. The use of reinforceme 
: oes a ae s well as tension. The u og 
material which is strong in compression as ¥ kage . Neres, 


rent ‘emperature and shri 
not only increases its strength but also helps in preventing the st P a 
Th ite action of steel and concrete in a reinforced concrete section js 
1e Composite | n of stee : 
on the following important factors. 


(f) The bond between steel and concrete. lies vet 
(#) Prevention of corrosion of steel bars embedded in the concrete, 


ii) Practically equal thermal expansion of both concrete and steel, 


“een de, 


1.2.1. Uses of Reinforced Concrete | 5 ue 
Reinforced cement concrete has innumerable uses in construction some of which are listed 


below : 


1. Buildings 

“. Flyovers 

J. Water Tanks 

4. Road and Rail Bridges 
o C himneys and Towers 
6. Retaining Walls 

‘. Bunkers and Silos 


1.2.2. Advantages and Disadvantages of R.C.C. 

Advantages : 

Reinforced cement concrete has following adv 

l. Strength: R.C.C. has very good strength in tension as well as cOmMpression, 

“. Durability: R.C.C. st ructures are durable if designed and laid properly. They can last 
up to 100 years. 

J. Mouldability : R.C.C. sections can be given any shape easily by 
formwork. Thus, it is more suitable for architectural requirements, 

4. Ductility: The stee! reinforcement imparts ductility to the R.C.C. structures. 

5. Economy: R.C.C. js cheaper as compared to stec! and prestressed concrete. There is an 
overall economy by using R.C._C. because its maintenance cost is low, 

G. Transportation : The ray materials which are required for R.C.C. fe cement, sand 
dneregate, water and steel are easi ly available and can be t ransported easily. Nowada vs 
Ready Mix Conerete(RMC) is used for faster and better construction. (RMC is the concrete 
which is manufactured in the factory and transported to the site in green or plastic state) 

7. Fire Resistance: RCC. structures are more fire resistant than other common ly used 
construction materials like steel and wood. 

8. Permeability : R0C.C. js almost impermeable to moisture, 
9. Seismic Resistance : Properly designed R.C.C. Structures are extremely resistant to 
carthquakes, 
Disadvantages : 
Despite the above mentioned advantages, RCC. hain following disadvantayes ‘ 
1. R.C.C. structures are heavier than structures of other materials like steel, wood und 
glass ete. 
2. R.C.C. needs lot of formwork, cent ering and 
space and skilled labour. 


antages over other construction materials - 


Properly designing the 


shuttering to be fixed, thus require lot of site 
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3. Concrete takes time to attain its full strength. Thus, R.C.C. structures can't be used 
immediately after construction unlike steel structures. 


1.3. MATERIALS USED IN R.C.Cc. 





R.C.C. consists of concrete and reinforcing material. The strength of an R.C.C. section depends 
upon the kind of concrete and reinforcement used. 


1.3.1. Concrete 


__ The properties of concrete depends upon the proportions and type ofits ingredients. A properly 
designed concrete mix is very durable. A good concrete mix should satisfy the following requirements : 
(‘) The concrete should be mixed thoroughly to from a homogeneous mix. 
(z) Concrete should be compacted properly to prevent it from being porous. 
(wz) Sufficient curing of concrete is required for developing full strength. 


(tv) The water cement ratio should be apropriate, considering the strength and workability 
criteria. 


(v) The concrete mix should be designed properly and should have all the ingredients in right 
proportions. 

The water used for mixing should be free from all harmful organic substances. 

The aggregate should be hard, durable and properly graded. For most R.C.C. works, 
20 mm size of aggregate is suitable. 


(vit) The cement used for R.C.C. work should be of good quality and measured by weight only, 
and not by volume. 


(vr) 
(wii) 


1.3.1.1. Grades of Concrete 


Concrete is graded or designated on the basis of its compressive strength. As per 1S456:2000 
concrete is graded into fifteen types as given in the Table 1.1. (Table 2, 1S456:2000) 


TABLE 1.1. Grades of Concrete 


Designation | Characteristic Compressive Strength, f, (N/mm?) 


Ordinary 
Concrete 


M24 
M30 
standard Mith 
Concrete M40 
M45 
M50 
M55 


High 
strength 
Concrete 
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\_ Poncrete grades are expressed by letter M followed bya number. eee * . fers LO th. 

mix and the number represents the characteristic compressive errene mn crete in N/mm? 
The specified characteristic strength is determined for 150 mm size cube at 28 days, 

crete ts defined as that strength below whies 

d to fall, The various grades of concret, i. 





(The characteristic compressive strength of con 
nof more than 5 percent of the test results are expecte 
per their use are listed below : 

1. For R.C.C. work — not lower than M20 
2. For post tensioning works — M35 and above 
3. For pretensioned prestressed concrete - M40 and above 
Concrete of grades lower than M20 may be used for plain concrete works, lean concrete 
simple foundations, masonry walls and other simple construc tions works. 


1.3.2. Grades of Cement 


Ordinary portland cement (OPC) is commonly used in construction. The Bureau of Indian 
based on the compressive 


standard has classified OPC in three grades. This classification 1s Daag : 
strength of cement-sand mortar cubes. The face area of these cubes shall be 50 em”. The cube js 
made of 1 part of cement to 3 parts of standard sand by weight, with a specified water cemen; 


ratio, The grades of OPC cement as per this classification are following : 
(() 33 grade 
(n) 43 grade 


(i) 53 grade. 
Here the grade number indicates the minimum compressive strength of cement-sand mortar 


cubes in N/mm* at 28 days. 

It is preferable to measure cement in terms of its weight, not volume because volume of 
cement changes with the environment conditions. In our country, cement ts supplied in bags o 
50 kg and its volume ts equal to 34.5 litres. The maximum cement content used for R.C.C 


construction is 450 kg/m’ as per IS 456 ; 2000, 
1.3.3. Reinforcing Material 
Concrete is weak in tension and it is to be reinforced properly with suitable material. The 
purpose of providing reinforcement in R.C.C. is: 
® Totake upall the tensile stresses developed in the structure, 


© Toincrease the strength of concrete sections. 
® Toprevent the propagation of cracks developed due to temperature and shrinkage stresses. 


® To make the sections thinner as compare to plain concrete section. 
To fulfil above criteria the reinforcing material should satisfy the following requirements : 
1. The reinforcing material should develop a perfect bond with concrete to transfer stresses 
from one material to other. 
2. It should have high tensile strength, 


3. It should be cheap, easily available and durable. 
4. The coefficient of thermal expansion of the reinforeing material should be nearly same as 


that of concrete, for obtaining a good composite action, 
5. It should be workable i.e. easy to cut, bend and join. 
G. It should not react with other ingredientsof R.C.C, 


ee oe 
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7. Itshould be free from loose mill scales, loose rust and coats of paints, oil mud or any other 
substances which may destroy or reduce bond. 


4.4. SUITABILITY OF STEEL AS REINFORCING MATERIAL 
Many traditional materials such as bamboo and natural fibres have been tried as reinforcement 
in earlier times. But steel is found to be the most apropriate form of reinforcement. 
It is the most suitable reinforcing material in R.C.C. because of following reasons : 
1. Steel is very strong in compression, tension, shear and torsion. 
2, Concrete develops very good bond with steel. 
3. Steel is ductile in behaviour, More ductility means more elongation of steel before failure. 
This results in sufficient warning time before failure. 
4. The steel bars can be cut, bent, lifted and welded easily with commonly available tools 
and machines. 
5. Steel has longer life. 
6. Steel is easily available. 
Steel reinforcement has various advantages as listed above, which make it a suitable reinforcing 
material. However, steel has a few disadvantages which are listed below. 
1. The biggest disadvantage of steel reinforcement is rusting. If concrete 1s porous or if cover 
to the reinforcement is not sufficient, steel gets rusted and loses strength. 


9 Steel loses its strength at high temperatures. 


4.5. TYPES OF STEEL REINFORCEMENT 





In India, following types of steel reinforcement are available, conforming to the relevant 
indian standards as mentioned in the Table 1.2. 
TABLE 1.2. 


Sub-Type Relevant Indian Standard | 


(a) Cold worked mild IS 432-1996 (Part-I 


steel bars | 
(+) Hot rolled mild steel IS 1199-1966 (Part-I) 


bars 


Mild steel plain bar 


High vield strength (a) Cold worked deformed bars} IS 1786-1979 
deformed bars (Tor steel) (({) Grade Fe 415 
(0) Grade FeSO0 
(b) Hot rolled deformed bars IS 1159-1966 (Part-I) 


Hard drawn steel wire fabric | Wire mesh IS: 1666-1967 


Rolled steel members Angles, T-sections Joists, IS: 226: 1975 
Channels ete. 


ij) Thermo-mechanically Latest in use deformed bars 
treated bars (TMT) 

(it) Corrosion resistant steel 
(CRS) bars 
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1.5.1. Mild Steel Reinforcement . 

Mild steel bars are also known as Fe 250 because the cor ahi pica Steel is 25 N/mm 
The stress-strain curve for mild steel is given in Fig. 1.1. pelos efinite Yield po; 4 
Although mild steel bars are very ductile, they are not gone er high Yield stro, 
deformed bars because of their less strength and weak bone. d ; . naat of elasticity of “ 
steel is taken as equal to 2 x 10° N/mm’. However, they are use¢ as ateral ties in columne a oe 
‘red. Mild steel plain bars are represented by sy Na 


places where nominal reinforcement is requir te 
A 
Fe 500 
e o 
ie Pe Fe 415 
E ged Lee} | 
a a _ Fe 250 
| 
| i 
200 
5 = 
| ' = ; Ns is 
100 = ; Es=2x 10 Nimm for ail stee 
i 
000 p02 oo 0.08 0.12 016 020 


Fig. 1.1. Typical stress strain curves for various types of steel. 


1.5.2, High Yield Strength Deformed Bars 

These are also known as HYSD bars. They have higher percentage of carbon as compared; 
mild steel. Their strength is higher than that of mild steel, but the yield point is not clearly 
defined as shown in Fig. 1.1. , 

These bars are available as two types: 

(:) Hot rolled high yield strength bars. 

(2) Cold worked high yield strength bars. 

The (11) type of steel is also called as CTD (Cold Twisted Deformed) bars or Tor steel and an 

available in two grades. Deformed bars are represented by symbol & or #. 
(:) Fe 415 or Tor 40 
(2) Fe 500 or Tor 50 











la) Plain bar (h) Deformed bar 
Fig. 1,2. 
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A twisted deformed bar has about 50% higher yield stress than plain bars. A deformed bar 
has corrugation or ribs on the surface of the bar, as shown in Fig. 1.2, to increase the bond and 
prevent slipping of the bar in concrete. These bars do not show a definite yield point. So, the yield 
sc os taken a5 0,2 percent proof stress, which is determined from the stress-strain curve as 
follows : 


VW) Drawa line parallel to the initial stress-strain curve, corresponding to a strain value of 
0.002 (0.2 percent). 


(i) The point where this line cuts the stress-strain curve is taken as the yield stress or 0.2 
percent proof stress. 


HYSD bars are preferred as reinforcement in R.C.C. over plain mild steel bars, due to following 
reasons. 


1. — Strength: HYSD bars have yield strength, higher than that of plain mild steel 

2. Better Bond: The HYSD bars have better bond with concrete due to corrugations or 
ribs on the surface of the bars. As per IS 456 : 2000, the bond strength of HYSD bars 1s 
60 percent greater than the plain mild steel bars. 

3. Economy: The cost of HYSD bars is approximate same as mild steel but the use of 
HYSD bars leads to overall economy as the amount of steel required is less, due to its 
higher strength. Lot of steel (about 40 million tonnes) has been saved in India, since 1967, 


because of replacement of mild steel by the Tor steel, and the saving amounts to Rs. 50,000 
crore !!! 


1.5.3. TMT (Thermomechanically Treated) Steel Bars 


Among the constituents of R.C.C., steel is the costliest, so focus has been more on steel to 
make it better and better. TMT steel is new generation, high strength steel having superior 
properties as compared to common HYSD bars. 


TMT bars are manufactured by passing hot rolled steel bars through cold water. By doing 

this, the outer surface of the bar becomes harder while the inner core is still softer. 

In India, SAIL (Steel Authority of India Ltd.) and RINL (Rashtriya Ispat Nigam Ltd.) are 
producing TMT bars. The TMT bars have following advantages 

1. High yield strength 

2. Better weldability 

3. Excellent ductility 

4. Superior corrosion resistance. 


1.5.4. CRS (Corrosion Resistant Steel) Bars 


The latest development in steel bars is the production of CRS or corrosion resistant steel bars. 
The carbon content in the CRS bars is 0.18% as compared to 0.2% of IIYSD bars. The percentage 
of corrosion resisting elements such as chromium is as high as 1.5%. Thus making the steel bars 
more corrosion resistant while keeping its other properties unchanged, In India, SAIL and TISCO 
(Tata Iron and Steel Company) are producing CRS bars. 


1.5.5. Steel Wire Fabric 


Wire fabric is a fabric made by welding or weaving steel wire in the form of a mesh which is 
also called as stecl wire mesh. This mesh is used as reinforcement in slabs, shells, pavements and 
roads ete. 


1.5.6. Structural Steel 
Sometimes for very heavily loaded elements such as foundations and columns rolleq Secti, 
like rolled steel joists, channels or angles are embedded in concrete and used as reinforcemen,” 
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1.6. CHARACTERISTIC STRENGTH OF STEEL 


The term characteristic strength means that value below which not more than 5% Of the 
results are expected to fall. As per IS 456 : 2000, the characteristic strength of steel is equal to st 
minimum yield stress or 0.2 percent proof stress. Table 1.3 rive the values of characteries: 

ic 


strength for different grades of steel and their minimum percentage elongation. 


TABLE 1,3, Characteristic Strength and Minimum Percentage Elongation 
for Different Types of Steel. 





Grade Yield Stress/0.2% “ Elongatus — 
Proof Stress (minimum) 
or Characteristic 
Strength (N/mm*) 


| Mild Steel Fe 250 


High Strength Fe 415 (Tor 40) 
Deformed Stecl Fe 500 (Tor 50) 
}(HYSD) Fe 550 (Tor 55) 


TMT or CRS bars Fe 500 


Steel Wire Fabric ‘ 7.5 over a gauge 
length of 8 diameter 


1.7. TYPES OF LOADS ON R.C.C. STRUCTURES 


Structures are designed to withstand various types of loads, The various t ypes of loads expected 
on a structure are as follows: 


(1) Dead loads 
(2) Live loads or imposed loads 
(wi) Wind loads 
(7v) Snow loads 
(v) Earthquake loads. 


1.7.1. Dead Loads 
Dead loads are due to self weight of the structure, These are the permanent loads which are 
always present. Dead load depends upon the unit weight of the material. Dead load includes, the 
self weight of walls, floors beams, columns ete. and also the permanent fixtures present in the 
structure. ) 
The unit weights of commonly used building materials are given in the code IS 875 (part! 
1987. The unit weights of important building materials aro givenin Table 1.4. 
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TABLE 1.4. Unit Weights of Common Building Materials 








Material 


Plain Cement Conerete 


eS 


Reinforced Cement Conerete Stce] 
Steel 


ad 


Brick Masonry (Cement Plaster) 
Stone Masonry Granite 
Ashestos Cement Sheets 


3 ee 


Cement = (7) Ordinary Portland 
(2) Rapid Hardening 

Lime Concrete 

Mortar (1) Cement 


(i) Lime 


Marble 
Glass 
Timber = (1) Chir 
(4) Deoder 
(ut) Teak 
(tv) Sal 
Bitumen 
Surkhi (Brick dust) 
Sand Stone | 29.0-23.5 


1.7.2. Live Loads | 

Live loads on floors and roofs consists of all the loads which are temporarily placed on the 
structure, For example, loads of people, furniture, machines etc. These loads keep on changing 
from time to time. They are also called as imposed loads. Various types of imposed loads ene 
on the structure are given in IS 875 (Part-2) : 1957, The imposed loads depend upon the use o 
building. Some of the important values of live loads are given in Table 1.5. 


1.7.3. Wind Loads | ; . 

The force exerted by the horizontal component of wind is to be considered wn -” ei . 
buildings. It depends upon the velocity of wind, shape an size of the building. The method o 
calculating wind load on structure is piven in IS ; 875 (Part-3) 1987. 


1.7.4. Snow Loads 
which are located in the regions where snowfall is very common, are to be 


The buildings 5 (Part-4) 1987 deals with snow load on roofs of the building. 


designed for snow load. The code 1S: 87 


1.7.5. Earthquake Loads a ee 
Parthquake loads depend upon the place where the building is located. As per IS 1893-2002 
(Part-I) ‘angel Provisions for Buildings), India is divided into four seismic zones. The code gives 


recommendations for earthquake resistant design of structures. Now, itis mandatory to follow 


these recommendations for design of structures. 
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TABLE 1.5. Minimum Live Loads to be Considered. 











| Occupancy | UDL Load 
Bath rooms and toilets in all types of building 2kN/m2? 
Living and bed rooms 2 KN/m? 
Office rooms in 
(1) Hostels, hotels, hospitals and business building with 
separate store 2.5 kN/m? 

(ii) In assembly buildings 3 kN/m? 
Kitchens in (i) Dwelling houses 2 kN/m? 
(#) Hostels, hotels and hospitals 3 kN/m? 
Banking halls, class rooms, X-ray rooms, operation rooms 3 kN/m? 
Dining rooms in (i) educational buildings, institutional and 

| Mercantine buildings 3 kN/m? 
i) Hostels and hotels 4 kN/m? 

| Corridors, passages, stair cases in 

i i) Dwelling houses, hostels and hotels 3 kN/m* 
(2) Educational institutional and assembly building 4 kN/‘m? 
(at) Marcantine buildings 4 kN/m? 
Reading rooms in libraries 
7) With separate storage 3 kN/m? 
(2) Without separate storage 4 kN/m? 
Assembly areas in assembly buildings 
(1) With fixed seats 5 kN/m?* 
(a) Without fixed seats 5 kN/m? 
Store rooms in educational buildings 5 kN/m? 


6 kN/m* for a height of 
2.24 +2 kN/m* for every 
1 m additional height 


Store room in libraries 


Boiler rooms and plant rooms in 


(1) Hostels, hotels, hospitals, mercantine and industrial buildings 5 kN/m? 
(a) Assembly and storage buildings 7.5 kN/m’ 





| Roof loads (Flat, sloping with slopes upto 10 degrees) 
| (t) Access provided 15 kN/m? 
if) Access not provided | 0.75 kN/m" 
For purlins — 0.75 k Nim’ 
less 0.02 kN/m* for 
every degree increase | 


slope over 10 degrees 


Sloping roof with slope greater than 10 degrees 
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4.8’ METHODS OF R.C.c. DESIGN 
Ww Design of any R.C.C, member comprises of the following : 


\t) To decide the size (dimensions) of the member and the amount of reinforcement required. 


(2) To check whether the adopted section will perform safely and satisfactorily during the life 
time of the structure. 








Various methods used for the design of R.C.C. structures are as follows: 
() Working stress method. 
(u) Load factor or ultimate load method. 
(wt) Limit state method. 


1.8.1. Working Stress Method 


This method of design was the oldest one| It is based on the elastic theory and assumes that 
both steel and concrete are elastic and obey Hook's law. It means that the stress is directly 
proportional to strain up to the point of collapse. Based on the elastic theory, and assuming that 
the bond between steel and concrete is perfect, permissible stresses of the materials are obtained) 

(The basis of this method is that the permissible stresses are not exceeded any where in the 
‘structure when it is subjected to worst combination of working loads? 

2 this method, the ultimate stresses of concrete and yield strength or 0.2% proof stress of 

steel are divided by factors of safety to obtain permissible stresses. 


These factors of safety take into account the uncertainties in manufacturing of these 
materials, 


The main drawbacks of the working stress method of design are as follows: 
(1) It assumes that concrete is elastic which is not true. 
(uz) It uses factors of safety for stresses only which does not give true margin of safety 
because we do not know the failure load. 
(ut) It does not use any factor of safety with respect to loads. It means, there is no provision for 
uncertainties associated with the load. 


(iv) It does not account for shrinkage and creep which are time dependent and plastic in 
nature. 


(uv) This method gives uneconomical sections. 
(ur) It pays no attention to the conditions that arise at the time of collapse, 
The working stress method is very simple and reliable but as per IS 456 : 2900 the working 
stress method is to be used only if it is not possible to use limit state method of design. Working 


stress method is the basic method and its knowledge is essential for underst anding the concepts 
of design. 


1.8.2. Load Factor Method or Ultimate Load Method 


‘In this method, ultimate load or colla pse load is used as design load. Ultimate load is obtained 
by multiplying working load with the load factor. The load factor gives exact margin of safety in 
terms of load. 
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ount the plastic behaviour of 
ve deformation and cracking, 
tat all used by designers. 


This method uses the real stress-strain curve and takes into acc 


materials. This method gives very thin sections which result in excessi 
thus, making the structure almost unserviceable. This method is no 


1.8.3. Limit State Method 

This is the most rational method which takes into 
structure and also the serviceability require mentsUt is aju 
and ultimate load method of design. The acceptable limit of safe 
before failure occurs is called a limit state. This method is 5 
ultimate loads (ultimate load method) and serviceability at working 
The two important limit states to be considered in design are - 

(i) Limit state of collapse. 

(ii) Limit state of serviceability. 3: | 

This method is discussed in detail in the Chapter 4, Introduction to Limit State method of 
design. 


account the ultimate strength of the 
dicious combination of working stress 
ty and serviceability requirements 
based on the concept of safety at 
loads (working stress method). 


— OBJECTIVE TYPE QUESTIONS — 


(A) Fill in the Blanks : 
1. Concrete is very weak in 
2. The unit weight of R.C.C. is 
9 Concrete is gruded on the basis of _-_-__- 
bars are preferred over mild steel bars. 














4, 
5. In R.C.C., stecl reinforcement takes up stresses. 
6. Concrete grades lower than should not be used for R.C.C. work. 
7. One bag of cement in India weighs kg. 
steel. 


8. HYSD bars are also known as 
9, Working stress method is based upon 
10. The modulus of elasticity of steel] is taken as 


theory. 
N/mm‘. 


(B) State True/False : 
1. Concrete is strong in tension and compression. 
9. Cement is graded on the basis of compressive strength. 
3. High strength steel is more ductile than mild steel. 
4. R.C.C. structures are heavier than steel structures. 
5. R.C.C. sections are thicker as compared to plain concrete sections. 
6 TMT bars have excellent ductility. 
7. Dead loads are temporary loads. 


(C) Multiple Choice Questions 


1. The reinforcement in R.C.C. takes 


(a) Tensile stresses (b) Compressive stresses 
(c) Shear stresses id) Torsional stresses 
9 The coefficient of thermal expansion of concrete is nearly equal to 
(a) Wood (6) Aluminium — 
fc) Steel (d) Copper 
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3. The minimum compressive strength of 43 grade OPC cement is 
(a) 43 N/m? (b) 43 N/mm? 
(c) 43 kg/m? (d) 43 kg/mm? 
4. IS 456 recomments 
(a) Working stress method of design 
(6) Ultimate load method of design 
(c) Limit state method of design 
(dq) None of the above 
5. The yield stress divided by the factor of safety is called as 
(a) Ultimate stress (b) Limit stress 
(c) Elastic stress (d) Permissible stress 


+ ANSWERS } 


(A) Fill in the Blanks : 
1. Tension 25000 N/m’ 
3. Compressive strength . High yield strength deformed (HYSD) 
5. Tensile » M20 
7. 50 ; Oe 
9, Elastic 2x 10° 

(6) State True/False : 
1. False 2. True 3. False 5. False 
6. True 7. False 

(C) Multiple Choice Questions : 
l. (a) 2. (c) 3. Ib) 





— THEORETICAL QUESTIONS = 

What is R.C.C. ? Why do we reinforce plain concrete ? 

List the advantages of R.C.C. over other construction maternals ? 
What are the requirements of good concrete ? 

What are the factors on which composite action of steel and concrete in R.C.C. depends ” 
Discuss different types of steel reinforcement. 

Discuss the suitability of steel as reinforcement material. 
Define characteristic strength, 

Write short notes on following : 

(i) Different kinds of loads. 

(i) Working stress method. 
(iit) Limit state method 

9. Explain different methods of designing R.C.C. structures. 
10, Compare deformed and plain bars. 


PART ROD - 
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INTRODUCTION TO WORKING STRESS METH, 
(THEORY OF R.C.C. BEAMS) 















Cancest of Transformed or Equyaic-> 


e.1. Intreduchos 

c= hres oF RCC Reams Section 
2.3. Astumptens in the Theory af 2.6. Anayss of Sing) Rertorces Rea- 
‘ ale Flyer “) oY RCC Beans 2.7. Balanced Linaer-Re Vortec a3 wer 
Rentoced Sechers 


\Wersieg Stress Merad 


2.4. Perevastve Stresses 2.8. Twes of Protiems 


———————— 

Plain cement oonerete has low tensile strength. A beam made up of DIAIN Cetnert COOctete a 
have low load carrving capeierty and wall fail by cracking in the tension rene, It is fa. dante 
reinforged by placing steel bars in the tens‘le pone. These hars will take up the tensil« cmc. 


% oh "in =" 


and thus inerease the load carrving capacity or strength of the beam. The st, 
tensile sone, is called as longitudinal steel er main stee! 


2.2. TYPES OF R.C.C, BEAMS 





ROC) beams are of following three types 


U) Singty Reinforwed Beams: The boams in which <tee! munforcement is placed rm os 
tensile sone only are called as singly reinforced heams 


[* | 
ae * — Sat 
i” : 
ica ~; is % .* ' 
kb 
: - A. = A 


| u* is 





_ ‘7 \ 





- | * # ; 
ai Svagiiy winsAwiwt C! DwAlY pean Aaryy 


Pig. 221. Types of beams 
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(it) Doubly Reinforced Beams: The beams in which reinforcement is placed in the tensile 
as well as compression zone are called as doubly reinforced beams. 


(it) Flanged Beams (T beams and L beams): In most reinforced concrete structures the 
slab, and beams are cast monolithic. Thus, the beam forms a part of the floor ayete. 
When the beam bends, a part of the slab also bends along with the beam. So, the 
intermediate beams in a floor system act as T beams and the end beams as L, beams. The 
beams in which a portion of the slab acts together with the beam for resisting compressive 
stresses are called as flanged beams. Figure 2.1 shows singly reinforced, doubly reinforced 
and T-beam sections. 





2.3. ASSUMPTIONS IN THE THEORY OF SIMPLE BENDING OF R.C.C. BEAMS 
(WORKING STRESS METHOD) 





The elastic theory of bending is based on the following assumptions and forms the basis of 
working stress method for design of R.C.C. structures, which is given in Appendix-B of IS 456:2000. 


1. Asection which is plane before bending remains plane after bending. 
2. The concrete and steel reinforcement are perfectly bonded. 

3. All tensile stresses are taken up by steel and none by concrete. 

4 


. The stress-strain relationship of steel and concrete under working loads ts a stra ight 
line. 


5. The modulli of elasticity of steel (E) and concrete (E) are constant. 


on 7s) - = 7 = | 
6. The modular ratio(m) has the value aq where a, is the permissible compressive 
’ * be 
+ = a i u 
strength of concrete tin bending in Nimm. 


7. There are nointtial stresses in steel and concrete. 


2.4. PERMISSIBLE STRESSES (CLAUSE B-2, 1S456:2000) 





The working stress method is based upon the concept of permissible stresses. Permissible 
stresses are obtained by dividing the ultimate strength of concrete or yield strength of steel 
(0.2% proof stress) by appropriate factors of safety. The factors of safety used in working stress 
method are 


(i) For concrete (a) in bending compression — 3,0 
(6) in direct compression — 4.0 
(a) For steel — 1.75 


There are greater chances of variation of strength of concrete duc to improper compaction, 
inadequate curing and variation in the properties of concrete, The chances of variation in the 
properties of steel are less as it is fabricated in factories where good workmanship and better 
quality control is possible. So, lesser value of factor of safety is used for steel as compared to 
concrete. 


The values of permissible stresses for various grades of concrete are given in Table 2.1 and for 
steel are given in Table 2.2. 


17 


<> R.C.C. Design and Drawing 


$e or cia Bh aa aes 
TABLE 2.1. Permissible Stresses In Concrete (refer Table 21, 1S 456) is 













mevmrieaibte Stress im Rond (avery 
Re) 


Permissible stress in compression 





Cirnade of 
















For Plain Bars in | Vor HYSiy i 
ary 






Concrete | Bending o,, | Direct o, 














(Nimm?) | (N/mm”) scsi a (Nimm?) 
(N/mm) 
MIN 0.96 
M20 1,28 
M30 Lf 
Ma5 1.76 
M40 1.92 | 






M50 2.24 


Notes : 
() The bond stress given above for tension is increased by 25% for bars in COM Pression, 
(ii) The bond stress for plain bars is increased by 60% for deformed bars. 


TABLE 2.2. Permissible Stress in Steel Reinforcement (Refer Table 22, |s 456) 





Permissible Stresses in Nimm” 1 





S. No. | Type of Stress 
in Steel 
Reinforcement 
































High yield strengrh 
deformed bar (Hysp, 

| conforming to IS; 

| 1786 (Grade Fe 4]5) 


Medium tensile 
steel conforming 
to IS : 492 (Part I) 


Mild steel bars 
conforming to 
Grade I of IS: 
| 432 (Part I) 










Half the guaranted 
yield stress subject 
to maximum of 190 | 
190 


| Tension (,, or a...) 

(4) Upto and including 
20 mm 

(1) Over 20 mm 






| Compression in 






column bars (a,_) 






| Compression in bars 
in beam or slab when 
compressive resistance 
of concrete is taken 
into account 


The calculated compressive stresses in the surrounding concrete 
multiplied by 1,5 times the modular ratio or o,. whichever is lowe 
= 1.5 m,ora, | 
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2.5. CONCEPT OF TRANSFORMED OR EQUIVALENT SECTION 


Consider an R.C.C, section shown in Fig, 2.2 (a) 
subjected to a compressive load P. 


Let A = Area of cross-section 
A, = Area of concrete 
A,, = Area of steel 
m = Modular ratio 


G, = Stress in steel] 





6. = Stress in concrete 


Stee! 





& = Strain in steel 4 
ct. = Strain in concrete (a) R.C.C. Section ibar peo 
P. = Load carried by stee] of Concrete 
P, = Load carried by concrete Fig. 2.2. Transformed Section 
A,,. = Equivalent area of section in terms of concrete 
E, = Young’s modulus of elasticity of steel 
E. = Young's modulus of elasticity of concrete 
Par +P. 
P =0,A,,+0,A, ol) 


The bond between steel and concrete is assumed to be perfect so the strains in steel and the 
surrounding concrete will be equal 








Strain = 2 
= Sa “"— Young’s modulus 
o, G, 
EC, 
E 
a= E, oO EB =m = Modular ratio] 
- E. > E. 
c= m.s, 
or o,= — Ai) 
om 


It means that stress in steel is m times the stress in concrete or load carried by steel is m 
times the load carried by concrete of equal area. Using Eqns. (U) and (tu). 
P = m.o,.A,,+6,.A, 
o.(m.A, +A, ) 
P ._ - 
ar Were Wa 


© = (A, +mAy) Aga 
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The expression in the denominator (A. +m.A,,)is called the equivalent MrOA Of the $6<4) 

; 7 i oan ‘ tthe new {ste | A con be replaced by iif Cnpuiy | ae MT ip 
terms of concrete. It means that the area of steel / ne lent » rey 
concrete equal to m.A_, as shown in Fig. 2.2(b) 4 


A 


rin 





A.+m.A,, 


li 


A -A,, +n “a , i A, SAL : 


A+(m-1)A,, 
Therefore, the concept of modular ratio makes it possible to transforp, , 
composite section into an equivalent homogencous section, made up of one 


2.6. ANALYSIS OF SINGLY REINFORCED BEAM 
eee tereieninipininegen ee tae 


Fe 
Materia 





fa) Section (6) Equivalent section fo) Stratn (cl) Stress 
ti terms of concrete diagram dhayram 


Fig. 2.3. Singly reinforced heam, 


A singly reinforced beam section is Shown in Fig. 2.3(a), To anal yse 


this section, it is necessary 
to convert it into a transformed or equiv 


alent section of concrete. 
2.6.1. Equivalent or Transformed Section 


As per the assumption (3), all the tensile stresses are taken by steel and none by concrete i.¢, 
concrete in the tensile zone is cracked. So, the concrete area below the neutral axis is neglected 
and the effective area or the equivalent area of the section in terms of concrete is shown in Fig. 
2.3(b). The equivalent area is equal to the area of concrete in the compression zone and an additional 
concrete area mA,, of concrete corresponding to steel urea, A... 


2.6.2. Strain Diagram 


As per the assumption (1) of elastic theory, the strain distribution is line 
the neutral axis to maximum at the top and bottom fibre. Th 
section is shown in Fig, 2.3(c), 


ar, With value zero at 
e strain diagram for the fiven KCC. 


2.6.3. Stress Diagram 


As per the assumption (4) of the elastic theory the stress-strain relationship is linear for 
concrete. So, the stress diagram is alsoa straight line with value zero at neutral axis andy 
linearly with the distance as shown in Pig. 2.3), 

Maximum permissible stress at the top most fibre in concrete < a 
Maximum permissible Stress in stec! 


arving 


i 
y : 
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ee ae a 
Maximum stress in equivalent concrete area at the level of steel = —" 
m 


Note : 1, The suffix cbe in ,,,. stands for permissible stress in concrete in bending compression. 
2.The suffix sf in a, 
2.6.4. Neutral Axis (n) 

Neutral axis lies at the centre of gravity of the section. /t is defined as that axts at which 
the stresses are zero. It divides the section into tension and compression zone. The position of 
the neutral axis depends upon the shape (dimensions) of the section and the amount of steel 
provided. The position of neutral axis of any rectangular section can be found by the following 


two methods : 


{ Pag" 


, Stands for permissible stress in steel in fension, 


(a) Stresses in Concrete and Steel are known 


Let us consider the R.C.C. section 
shown in Fig. 2.4(a@) the stress o, in 
concrete’s top most fibre and o, in steel 
reinforcement are known. 














From stress diagram : N. 
T.. oa, /m zi 
no od-=n 
(Similar triangles] 
Effective 
mm... n cover 
ao  d-n T : f 
, | | fal (b) Stress diagram for 
If the stresses in concrete and steel are given loads 
permissible then equation for m 1s Fig. 24 
written as | 
rl. Che | : 
eee ti} 
0,, d-n 


This neutral axis, corresponding to permissible values of stresses of concrete and steel ts 
called as critical neutral axis (n,). 


n, = kd where & is the neutral axis depth factor. 
m.O-n- i hd 
s,  d-td 
On rearranging, we get 
m.o 
bs ——— wa Alt) 


vit © oie + Oo. 


Putting m = a in the above equation for k, we ean see that / does not depend upon grade 
| OF ehe 

of concrete. It depends upon grade of steel only. 
250/30 
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(b) Dimensions of the Beam and Area of Steel are Known 
The moment of the tensile and compressive area should be equal at the Neutral p.: 

neutral axis abtained by this method is called as actual neutral axis. AXis TD. 

Moment of compressive area = Area in compression * Distance between c.g. Of compre. 

area and Neutra) \ 






bn? 
2 

Moment of tensile area = Equivalent tensile area x Distance of cent roid Of Stee) 

reinforcement from np utral ay 


rn 
= bn 3 


Moment of compressive area = Moment oftensile area 
2 
~.. = m.Ay, (d-n) 


2 ty 
It is a quadratic equation which will give two values of n. Out of these two values only 
value (+ve) of n is possible. " 
2.6.5. Percentage of Steel (P,) 


The percentage of steel in R.C.C, sections means the area of steel (A,,) expressed as Percentag 
of total area of concrete. 


A | 
a8 F = 3 «100 
By equation (iti), 
b.n* ' 
a = m.A,, (d—n) 
On rearranging, we get 
bin? 
fa” Saldeal 
Qn * 
Py = md (d =n) 


Putting n = kd 


5047 
t= m1) 


2.6.6. Lever Arm 


Lever arm is the distance between the resultant compressive force and the resultant tens 
force. It is denoted asa in the stress diagram. As the compressive area is triangular, the rvsults 


a ’ can | n / i 
compressive force (C) will act at 3 from the top compressive fibre. The resultant tensile for 


will act the centroid of the steel reinforcement, 


Ceo el 8 Vee 


2) 
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rag, ) -* , 
Lever arm =a = ¢- =, it is also expressed as a =jd where j is the lever arm depth factor. 





iw ae hrel 
; rh 
J = l a 


2.6.7. Moment of Resistance (M_) 


—> 


Moment of resistance ts the resistance offered by a 
the beam against external loads. As there is no resultant 
force acting on the beam and the section is in N 
equilibrium, the total compressive force is equal to the 
total tensile force, These two forces (equal and opposite 
separated by a distance) will form a couple (Fig. 2.5) 
and the moment of this couple is equal to the resisting 
moment or moment of resistance of the section, 


l 
c-(4 CT hoe xn} 


l 
5 o.,, bn acting at ; from top 








T= Typ-Acy 


Fig. 2.5. 


Total compression 


I 


i} 


Total tension = T =a,,.A,, acting at centroid of steel reinforcement. 


Moment of resistance = C. aq 


or fer 
; where a is the lever arm 
M, = > oO... 0.m (a = n elit!) ‘end <«* 
' 3 


M, = O,; + C a “| walD) 


Putting n = kd in the equation (iv) 


il 


M. 5 Sete bukd ( - 4d) 


» 2g, b(a-%)e a2 
= g Febe {1 bud 
l se ie 
M, = QV ebe hk. j.bd E j=1-4] 
| 
M,= Rbd* 


where R is called as resisting moment factor. 


R= 5 Ste hj 
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"The factors &,/ and R are constant for a gi of stecl and concrete and do not dep, 


The factors 4, j and RF are constant f 
upon the beam dimension. These are cal 
riven in Table 2.3. 


ra given type : hey nd 
an eanstanes ‘values of k 4 
led as design constants, They alues of k,j, Rang Dee 


TABLE 2.3. Values of Design Constants 













Fe 
he i 7 
J r p, 


0.29 0.904 0.65 0.914]),0.25 0.916 0.58 09) | 
029 0.904 0.914 044 10.25 0.916 0.9] 039, 
9029 0904 1.11 0.594]0.25 0.916 0.985 0.49 
0.29 0.004 1.506 0.628 | 0.26 O.91G 1.16 0 46 









Fe 415 
co, = 230 N/mm* 
tk gf ROM 








Mild Steel 
o,, = 140 Nimm? 
ik j Rp, 
0 867 0.867 0.72 
0.4 0.867 1.214 1.0 
0.4 0.867 148 1.21 
0.867 Lad Lad 









































2.7. BALANCED, UNDER-REINFORCED AND OVER REINFORCED SECTIONS 


2.7.1. Balanced Section 

A balanced section is that in which stress in concrete and steel reach their permissible ya},,, 
at the same time. This means that stress diagram is as shown in Fig. 2.6/6). The Percentage o: 
steel corresponding to this section ts called as balanced steel and the neutral axis ts calfod as 
critical neutral axis (n_). 





mM. Oeh, n. 
a. ~ d=n, 
For a balanced section, the moment of resistance is calculated as under: 


M, = —!b.n, (a - we) Rbd? 


© st Ay C = a 


|| 


or M, 


a,,/m 


e+} dm 





| a/m | 
le) Over-reinforced 
section n > n, 


(4) Balanced section '¢) Under-reinforced 
nen, section nh <n, 


Fig. 2.6. Different types of R.C.C. beam sections 


(ae) Section 
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2.7.2. Under-Reinforced Section 


In an underreinforced section, the percentage of steel provided is less than that provided in 
balanced section. So the actual neutral axis will shift upwards i.e. n, > nas shown in Fig. 2.6ic). 
In under-reinforced section, the stress in steel first reaches its permissible value, while the concrete 
is under stressed, The moment of resistance of this section is calculated as 


f= yA -") 
M, a, «(d cy 


The various features of under-reinforced section are as follows: 


(i) Steel is fully stressed while concrete not (i.c, stress in steel is o,, (permissible) but stress 
in concrete is less than, ). 


(u) The actual neutral axis lies above the critical neutral axis (n < 7,). 
(ai) The percentage of steel is less than the balanced section hence the section 1s economical. 
(iv) Ductile failure. 

(v) The moment of resistance is less than balanced section. 


[In under-reinforced section, the failure is ductile because steel fails first and sufficient warning 
is given before collapse. Due to ductile failure and economy, the under-reinforced sections are 
preferred by designers. 


2.7.3. Over-Reinforced Sections 


In an over reinforced section the percentage of steel provided is greater than the balanced 
section. So the actual neutral axis shift downwards t.e. n > n, [Fig. 2.6 (d)]. In this section, 
stress in concrete reaches its permissible value while steel is not fully stressed. Concrete is 
brittle and it fails by crushing suddenly. As steel is not fully utilised, the section is uneconomical 
(steel is much costlier than concrete). The various features of this section are : 


(() Concrete is fully stressed while steel is not (1.e. the stress in concrete is at its permissible 
value o.,. but stress in steel is less than o,,). 


() The actual neutral axis is below the critical neutral axis Le. n > n,. 
(iit) The percentage of steel is more than the balanced section, so the section is uneconomical. 
(uv) Sudden failure. 

(v) The moment of resistance of over-reinforced section is calculated as 


pe _%]) 
M, 16 CT he bon C 2 | 


2.8. TYPES OF PROBLEMS 





There are three types of problems in singly reinforced beam : 
1. Todetermine the moment of resistance of the given section. 
2. Todetermine the actual stresses developed in steel and concrete under given loading. 
3. Todesign the section for given loading. 
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Type |: To determine the moment of resistance of the given Section 
Data Given : 
() Dimensions, b and d of the section. 
(i) Area of steel reinforcement in tension (A,,). 
(tit) Material i.e. grade of concrete and steel. 
Procedure : 
(}) For the given grade of concrete and steel, determine the permissible Stress 


, ey Cs) 
o,, from the Tables 2.1 and 2.2. at 


(2) Calculate modular ratio m. 


280 


= — 


7 ST che 
(ai) Determine critical neutral axis (n,) 


Tas a-n, 


(7) Determine actual neutral axis (7) 


he 


6.5 = m.A,,(d-n) 


(v) Compare n and n, 


(i) Ifm=n_, the section is balanced and the moment of resistance can bp calculs 
any of the following equation ted 


F 


1 m3 
M = 14... b.n, (d x | 


| ne 

or Af. = Ts Ay, ( 7 "| 
(2) Ifn <n, the section is under reinforced and the moment of resistance js calculateg, 
Moc ay.A, (a = 4 

M_ ia | 3 
(uz) Ifn>n,, the section is over reinforced and 
AM, = ; i bn [a = “| 
Note: Sometimes it is required to find out the safe load (w) which the beam can ca 


For this, the maximum bending moment due to the loads is calculated and equated tat 
moment of resistance of the section. 


The maximum bending moment values for some beams are written below: 
2 1 2 
I, Simply supported beam, for (u.d,J,) = os (Sagging) 
| | 2 
2. Cantilever beam, for (u.dl.)= “— (Hogging) 


where / is the effective span of the beam. 
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Type-il : To determine the stresses developed in concrete and steel under given loading 

Given Data: 

(i) Dimensions of beam (hb and d) 

(2) Area of steel, A,,. 
(ui) Matenali.e. grade of concrete and steel. 
(w) External loads or bending moment. 

Procedure : 

(1) Determine the permissible stresses from Tables 2.1 and 2.2. 

(a) Calculate actual neutral axis 


nf 
o> = m.A.(d-n) 


(2) Calculate maximum bending moment (M) due to loads (external loads as well as self- 
weight) ifmot given. 
(1v) Calculate stresses by equating the maximum bending moment to the moment of resistance 
M= M. 


= Oy Ay(d-2) 


(v) Knowing o,, from abvove step a, or actual stress in concrete is calculated as 
mG. rl 
- = 
Oy d-n 








Type-lll : To design the section for given loading 
Given data : 
(1) External loads or bending moment. 
(2) Matenal-Grade of concrete and steel, 
(a) Span of the beam. 
Procedure : 
1. Determine the perimissible stresses for materials from Tables 2.1 and 2.2. 
2. Determine design constants k, j and R, 
3. Assume suitable value of b/d ratio and calculate the moment of resistance using 


M_= Rbd* F varies from x to 2 


4. For the given loads and approximate self weight, compute the maximum bending moment (M). 
§. Determine d by equating M and M, 
M,=M 
Rbd* = M 


M 
d= JRO 


2] 
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| b 
6. Calculate b from assumed = ratio. 


d 


7, Calculate (A,,) area of steel as follows : 


M = Oe Ay jd 


MM. 
Aw = God 


8. Provide suitable number of bars for the required area of steel, A,,. 





Ms )=8SOLVED EXAMPLES aE. 
Examples on Type I Problems : Determination of Moment of Resistance 


Example 2.1. 





Find the depth of neutral axis, and percentage of steel for a balanced section of ; 
singly reinforced beam using (i) M20 and plain mild steel bars. (Fe 250) (7) M20 ane 


Fe 415 bars. IBTE Delhi 2009 
Solution. 
(1) 5.4. = 7Nénm* [For M20 concrete, Table 2.1 
o,, = 140 N/mm |For Fe 250, Table 2.2 
980 280 ian 
mn = S04. 3% =1333 
For balanced section. 
be 93.33 
~ 9333 +140 
= 0.40 
Depthofneutralaxis n= hd 
n= 040d 
hy 
Lever arm factor (j) = 1- 5 
4 
t tila 
j = 0.867 


Moment of resistance of balanced section = M), 
M, = Qbd’ 


! 4 Pia | 
here @ = 3 Fede hed = 5x 7x04 x O.BG7T = 1.214 


M,, = 1.214 bd” 
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50k? 


Percentage of steel (p,) = 7 pj 


50 x 0.47 
Pe = 133311-04) 
p, = 1.00 
(i) For M20 and Fe 415 
a. = 7 N/mm’ (For M20 concrete, Table 2.1] 
s,, = 140 Nimm* (For Fe 415, Table 2.2] 


ms 212.39 
3x7 


ke 


a ae 
e= 9935 + 290 = 0.289 


(a) Depth of neutral axis, n 


n = 0.289d 


= 1 eS = 0.904 


at g 0.289 
i= 3 3 


Q = ch ve ; «7 0.289 x 0.904 
Q = 0914 


M, 
Q. bd" 


(6) Moment of Resistance 
Mp 


M, = 0.914 bd® 
_ 50K? 50 x 0.289 _ 
mil - mul-k) 13.3311 -0.289) 


Percentage of steel (p,) 
p, = 0A40 


Example 2.2. 


ee 
Find the moment of resistance of a R.C.C. beam J00 mm wide and 500 mm effective 
depth is reinforced with 3 bars of 16 mm. M20 concrete and Fe 415 steel is used. 





Solution. Given ; t.2 7 N/mm’ [For M20 concrete, Table 2.1] 
c, = 230 N/mm* [For Fe 415 steel, Table 2.2 
260 4 
r= — = 13.335 
m= aoa 13.3 
b = 300mm 
d = 500 mm 


A,=4 xo x16? = 603.42 mm* 


aT eee 
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230 0CS:sCAD =. 


He 0.405 
“-a. 
n, = 04051500 - 7, | 
n. = 144.14 mm. 


a 
I 


= mA id-n) 





3 
|= 


7 13.33 » 603.42 (500-7! 
: 53.69 (500 = ni 
n? +53.63n -26515 = 0 


= -53.63 2 , (53.63) ~46 13 (=26515) 








no 5363-32188 | 13013 mm 
n< 7, 


Critical N.A is below the actual N_A. hence the beam is under reinforced and the M.O FR of 
beam will be calculated as fullows - 


M 


| \ 
Cy Ag{d - . 


170 1* 


M. = 62956840.11 N-mm 
Af = G25 kNm 


F 


Example 2.3. 





Determine the moment of resistance of a FLC.C, beam 350 x 550 mm (effective) and is 
reinforced with 3 bars of 20 mm diameter. The permissible stresses in concrete and 
steel are 7 Nimm’* and 230 Nimm*, Take m = 13.33. [BTE Punjab 2007) 


Solution. Given: 6 = 350mm, d= 650 mm_.m = 13.33 


A, = 3* r «207 = 9425 mm" 
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a, = 7Nimm 
a, = 230 Nimm?* 


8 Critical neutral nxis in.) 





ING oh n,. 
Pr - d= nl. 
Ld.33 x 7 my 
230 ~ 850-n, 


0.405 (550-n.)= n 


fr 
nm. = 155.9 mm. 


8 Actual neutral axis (n) 


Taking moment of compression and tension areas about N_A. 


7] 


bt 


mA, (d =n) 


350 x > 13.33 x 942.5 (550—n) 


0 


i" 


n> + 71.8n -39490 





-718 + (71.8)? -4 x (1) x(-39490) 
2x1 | 


t= 


n= 166mm 
® Companng actual and critical neutral axis 


i> nt. 


<P 


The actual neutral axis lies below the critical neutral axis. Hence the section is over-reinforced 


and the moment of resistance is caleulated as - 


, 1 - | 
M — 5 Febe-b.n (a _ 5) 
2 
= 100590466.7 Nmm 
M, = 100.59 kNm 


= 1x7x350x 166( 550 - 16 ) 


Example 2.4. 


Determine the moment of resistance of a singly reinforced 160 mm wide and 300 mm 
deep (effective) beam. The reinforcement consists of 4 bars of 16 mm diameter. The 


material used is M15 concrete and Fe 250 steel. Take m = 18. 


If the span of the the beam is 5 m, find the maximum distributed load which the 
beam can carry, inclusive of its own weight. [IBTE Punjab 2006] 
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Solution. Given ; he 10mm, d= t00mm 
qa ,. 2 Li N/mm* (Far Mf LS conerete, Table 44 
=| 
a,, = 140 N/mm“ [Por Fe 250 atee], Tatyy 27 
me 1A 


A, = Az : 2(160° = 804 mm 


® Critical neutral axis (nm) 


Th OF a he fn, 


LP = d-n, 


Av t _ it 

MO = SO0= n, 
An = 117.4mm 

® Actual neutre! axis (n) 
bn? 
160.n" 
2 

n* + 181n - 54287 





il 


mA (dn) 


18 + 4O4(200 —n) 


i 


() 





J181)? = 44171-54287) 
= i2A7} 





n= 159.5mm 
® Comparing n and n,, n > n, 
The actual neutral axis is below the critical neutral axis, hence the section is over-reinforced 
# Moment of resistance (M,) 


AS 
Lever Arm = d= = 300- me = 246.8 mm 


c2|> 


1 'd-2 
M, = 5 Teh vd snd - 4 


] 
2 


M r = 15.75 kN-m 
Let w KN/m be the uniformly distributed load 


¥5*" 16071595 + 2468 





: : | lls ws i ow 
Maximum moment = —— = = soba 
4 lal i 
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Equating this tothe moment of resistance uf beam, we get 
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= 15.75 


1575x868 
w= ae 5.04 


w= 6.04 kNi/m. 


Example 2.5. 


Find the moment of resisters of an R.C.C, cantilever beam of 300 mm width and 

500 mm effective depth, reinforced with 2 bars of 16 mm diameter. Use M20 conerete 

-_ Fe = steel. Also find the safe load, including its self weight, if the span of the 
am is 2 m. 








Solution. Given, 6 = 400 mm, d= 500 mm 
A, = 2x . x 16* = 401.92 mm? 
co, = 7 N/mm* [For M20 concrete, Table 2.1] 
o,, = 230 N/émm? (For Fe 415 steel, Table 2.2] 
# Critical neutral axis (n,) 
i. Ht, Op, 
ibis MM i 
a= fi, On 
na. _ 1933%7 
900-n, — 2:30 = 500 - n. sian 


n= 144.13 mm. 
8 Actual neutral axis (n) 





hon* 
> m. A, (d-n) 
300.n* : 
n?2 = 35.717(500-n) 


n® + 35.7170 - 17858.645 = 0 
-35.717 + (35.717) ~4 «(-17858.645) 


a=: : 
2 








116.96 mm. 


ee 
— 
" 


Bne n.. 
Hence the section is under reinforced. 


® Moment of resistance (4) 


M. = 04 Ay (6 -4) 


116 96) 
3 
42616510.15 Nmm = 42.61 kNm. 


_ 2530 401.92 500 ki 
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® Safe load (:r) for the cantilever beam 
Equating maximum bending moment and the moment of resistance. 
ul * 


Max. moment inacantilever beam = 9 


" 


wx 2° 
9 


M =2y 

M =M, 

Iv = 4261 

tw = 21.50 kN/m 


Examples on Type-II Problems : Determination of Stresses 





M 


i" 


Example 2.6. : 3 ' : 
An R.C.C. beam 400 x 600 mm effective is reinforced with 4 bars of 25 mm diameter 
The beam is subjected to a bending moment 150 kNm. Find the stresses set up in stee! 
and concrete, ifm = 13.33. [BTE Delhi 2006 
Solution. Given : bh = 400 mm 

d = 600mm 





A, = 4x 2% 25* = 1963.49 mm? 
M = 150kNm 


@ Actual neutral axis in) 
b.n* 


e 


400 x n* 


) 


=m.A,,id-n) 





= 13.39 = 1963.491(600 -—n) 


n* «130.866 n -78519.96 = 0 


n = 222.32 mm 


& Moment of resistance (\M_) 


} 


jo|a 


Wf = 6, .A,, id - 


= Ca 


| - ez 2a 


| 


il 


1031931.804¢,, Nmm 
@ Stress in steel (o,,) 
M= 150kNm = 150 10° Nmm 
M-=M 
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(1031931.804)a,, = 150 x 10° 
O,, = 145.36 Nimm* 
® Stress in concrete (a,) 


Oe = O,, /m 
n d-n 


5 145.36 x 222.32 
© 14.33 x (600 - 299.39) 
Go. = 6.42 N/mm’, 
Example 2.7. 


An R.C.C. beam 300 mm x 640 mm overall is reinforced with 4 bars of 20 mm diameter. 
The beam has to carry a superimposed load of 50 kN/m, including the self weight of 
the beam, over an effective span of 4 m. Find the actual stresses developed in steel 
and concrete. The effective cover is 40 mm. Take m = 13.33. 


Also, find the compressive stress in concrete at 50 mm from top of the beam and 
draw bending stress diagram, 


Solution. Given: 6 = 300 mm. d = 640-40 = 600 mm 
A, = 4x7 x20? = 1256.64 mm? 


8 Actual neutral axis depth (n) 


b.n* 





m.A,,(d=-n) 


il 


2 
300 x = = 13.33 x 1256.64 (600—n) 
n- + 111.67n - 67004.04 = 0 





—111.67 + /(111.67)* -4 x 1(-67004.04) 


2 





n = 208.97 mm. 


& Moment of resistance (M,) 


M. = OF ap ath gs (¢-2) 


| jun i 208.97 
M = Ta = 1256.64 [600 Ni 4 : = 666450.64 ca. 


# Maximum bending) moment (M) 
For a simply supported beam, 


od? 
M = F 


oe 
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o 1 
‘Wha 4° 


Mf « » WOKNin 
a 
Me 10068 10° Now 
B Stress in steel (o_) 
Moe M 
BOHOL 100s 10" 


a, = 10.08 Ninn 


BF Stress in concrete (o_) 


a Se fi 
2 
nt d= mn 
LOLs Ss LUS O7 
0 


+ USS LOO BOS. 87) 
o. = G0! Nanm® 


i 
Actual stress in concrete at 50 mm from top laver of concrete lev) 


om. 0 
» hat See stress diagram, Figg 2.8) 
bOT Sys Oy — Aa 
0 
; SOS 87 


O° 4.57 Ninn’ 


mY) OO) New 


—— a 


Pas? Ni 











—— f= 4 « 


a 1a Os 
— * = : 


1012S Nin 
ry iat 


(a! Sertran (f! Steves alicwerigen 
Fig. 28, 


Example 2.8. | 


A rectangular beam of 300 mm with vod 500 mm « 
4x 16 mm dia, tension bars, Determine the sire 
fibre of the concrete and tension stew! . 
Consider M20 conerete, 


Moetis e depth is reinforeed with 
Stress induced in the top COMpression 
When it is subjected to a moment of MM) kN. 
LEEDS Delhi Coes) 
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Introduction to Working Stress Method (Theory of A.C.C. Beams) — 37) 
Solution. Given: 6 = 300mm 
d= 500mm 


A, = 4% Fi «167 = 804 mm? 


M = 50kNm = 50 * 10" Nmm 
= 7N/mm* for M20 concrete 
@ Modular ratio (m) 
JA) 250 


m= 30,,, - a7 £13.99 








@ Actual Neutral axis (n) 


Po 


, 2 


a - 


= m.A,ld-n) 


* 
= 


300x 4 = 13.33 x 804(500-n) 





n+ 71.448n - 357244 = 0 
n= 1lh6.6mm 
# Moment of resistance (M_) 


, | 
Af = arr Ay la aT 4 





ait ne 
50x10" = %%, » 804: 0) — 2 28) 


50x 10” = 360031.20,, 
, = 138.87 N/mm’? 
». Stress in tension steel = 138 87 N/mm* 
# Stress in concrete (o,) 
7, a,,/m 


n»)06©6Cluad a 


156.6 = 138.87 
= 13331500 - 156.6) 








La 


Lis 


Examples on Type-lil Problems : Determination of area of tensile steel 


i 


4.75 N/mm* 





Example 2.9. _ =m = 
A rectangular beam of width 350 mm is subjected low uniforaly distributed load of 
15 kN/m over an effective span of 8 m. Determine the depth required for the beam and 
also calculate the ares of tensile rainforcement required. Use M20 concrete and Fe 
250 steel. INTE Punjab 2005) 


37 





N\ 
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h = 350 mm 


Solution. Given : M = Maximum bending moment 





ol? 1h x 8° 
= 8 


Nmm 


B Design constants k, j and R 
7 N/imm* 


140 N/mm* 


Oke (For M20 con 


Se [For Fe 250 ten 
-280_ 1338 oly 
- 36 che 


MiB — 1889 x7 
~ MOw +Oy ~ 13.33 «74140 


0.40 


a 
" 


h 
Lever arm depth factor = 1 - = 


.... 
" 


L.. ie “ = 0.867 


Re 5 Oe Aj = = »7¥ 04° 0867 


R = 1.21 N/mm* 
© Minimum effective depth required 
M, = Rbd* 
M = M, 
M = Rbd* 
[A _ ;120x10° 
ds \ Rb - \ 121 « 350 


Let us provide d = 535mm 


= 432.5 mm 


Total depth = 5354254 10 (assuming clear cover ® 35 mss 
diameter of bar *2* 


= 570mm 
@ Area of steel (A,) 


A - ML 120% 10" 


_ 


0, jd 140+ O67 = 555 


A,, = 1847.9 mm" 
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INSIDE THIS CHAPTER 
3.1. Introduction 
4.2. Shear Stresses in RCC Beams 
3.3. Elfecis of Shear Diagonal Tension 
3.4. Types of Shear Reinforcement 
3.5. Shear Strength of Reinforced 

Concrete Beam 


3.7, Steps for Design of Shear Reinforcement 
3.8. Bond and Development Length 

3.9. Anchorage for Remforcement Bars 
3.10. Codal Recommendations Regarding 









Curtailment of Reinforcement 


| 3.11. Ways to Get Desired Development Length 
3.6. IS Code Recommendations for 


shear Design 
a 


3.1. INTRODUCTION 





A beam loaded with transverse loads is subjected to shear force and bending moment. 1 
shear force at any section is equal to the rate of change of bending moment. The shear fo 
results into shear stresses across the cross-section, As per the elastic theory of bending, the shi 
stress distributions across the cross-section is given by the following equations. 


VIA) 
: ane o> 


where 


I 


Shear stress 

Moment of inertia of the beam section 
Width of section 

shear force at the section 


il 


o> = 5 
il 


(A.v) = First moment of the area above the section about neutral axis 


On the basis of above equation the shear stress distribution across a rectangular cross-sect 
is shown in Fig. 3.1(5). It is parabolic with zero at top and boltem and the maximum shear str 


si - ae 
occurs at neutral axis is equal to hd” 
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(a) Section ih) Shear stress distribution 


Fig. 3.1. Shear stress distribution in rectangular section. 
3.2. SHEAR STRESSES IN R.C.C. BEAMS 


3.2.1. Stress Based Approach (Elastic Theory) 

R.C.C. is a composite materials so the exact shear distribution 
complex, It is shown in Fig. 3.2(b) by the hatched 
portion of the curve It is parabolic in the 
compression zone with zero at the top and maxamum 
at the neutral axis. The value of shear stress 1s 
constant in the tensile zone and is equal to the 
maximum shear stress (q) because the conerete, 
below the neutral axis (tens! le zone) is assumed to 
be cracked and neglected. The maximum value of 
shear stress (7) as per elastic theory ts given by 

L" 
V = Shear force at the section Fig. 3.2. Shear stress distribution in 
ncC beam. 


as per elastic theory is very 





where 
bandd = Dimensions of the section. 


j = Leverarm depth factor. 


3.2.2. IS Code Approach 
As per IS code 456 : 2000 the stress based 


approach does not represent the true behaviour of 
V 
the R.C.C. beam in shear. Hence, the equation for shear stress le. g = bjd has been simplified. 


the use of nominal shear stress (t,,) for R.C.C. beams. The nominal shear 


15 code recommends 
s shown in Fig. 3.2(b) and is given by 


stress (t,) or average shear stress distribution | 
Vy 
= bd 

3.3. EFFECTS OF SHEAR : DIAGONAL TENSION 


Consider a beam AB subjected to transverse loads as shown in Fig. 3.3 (a). The maximum 
bending moment in this beam will be at midspan and the maximum shear force, at the supports 
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The beam is subjected to bending and shear stresses across the cross-section. Let us consider g 
small element (1) from the tensile zone of the beam. It is subjected to bending tensile stress (nm) as 
well as shear stress (1) as shown in Fig. 3.3(5), At the midspan, the bending moment is maximum 
and the shear force is zero. So the element 2 is subjected to maximum bending tensile stress only 


This tensile stress tries to pull apart the section as shown in Fig, 3.3/c) and the crack developed 
is Vertical, 


la | 





Mar BM 
SF aD 









CT - bending stress 
al the section 
T- shear stress 
al ihe Section 





Ta. * Maar 
bending 
stress 


Diagonal 
crace 
ly (ai 43°) 
; }% 
eee 
agonal < “Tereiie 
Element 3 tenon i 


Fig. 3.3. Effects of shear, 


At the support, the bending moment is zero and the shear force is maximum. Thus the 
element 3 is subjected to maximum shear stress and no bending stresses as shown in Fig. 3.3L 
Due to this stress condition the diagonal th of the element is subjected to tensile stresses as shown 
in Fig. 3.3 (e). As the concrete is very weak in tension it splits along the diagonal (at 45°) and 
develops crack as shown. 

This tenston which is caused in the tensile zone of the beam, due to shear, at or near the 
supports is called as diagonal tension. The diagonal tension results in cracks at 45°. Concrete is 
quiet strong in shear but the diagonal tension which is caused by shear, cannot be resisted 
concrete alone. So shear reinforcement is provided in the R.C.C. beams to take up diagonal tens 
and prevent cracking of beam. 


eee oY ee Be 


4] 


eT SS a ee — 
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a — 


The crack pattern for a simply supported beam is shawn tn ig, 34. 
Diagonal 
inngion crack 


a 





— Floxure shear crack 
Flowure crack 


Fig. 34. Crack pattern in simply support wil berm. 
cracks due le bending alone. 
diagonal tension cracks) 
45° to 90° gradually 


1. Atornear the midspan, the cracks will be vertical (Moxure 

® Atornear the supports the cracks are inclined at 45° (shear or 

3. Inbetween the supports and mid span the eracks inclination vary from 
(Nexure-shear cracks). 


3.4, TYPES OF SHEAR REINFORCEMENT 


The following three types of shear reinforcement are used: 
1. Vertical stirrups. 
» Bent up bars alongwith stirrups. 
3. Inclined stirrups, 


3.4.1. Vertical Stirrups | eeeament at suitable spacing 
These are the steel bars vertically placed arou nd the tensile rein — ma ear 
: th , length of the beam. Their diameter varies from 6mm to lon . rent bar) or the 
—— aa anchored in the compression zone of the beam to the anchor f = ‘7 “el resisted the 
aaa daie’ reinforcement, Depending upon the magnitude ofthe shear te in Fig, 3.5. Itis 
Masten v be one legged, two legged, four logged and so on as shown The spacing of 
_ cpa toatl rs miced stirrups for better prevention of the dingonal cracks, ri ie is 
desirable meng si r =< lewis as compared to spacing near the midspan since shear le : 
stirrups neal : ——— 


maximum at the supports. 





st Two Lecgeed Siirruy 
Single Legged Stirrup | Sti 





Sis Legged Stirrup 


Four Legged Sturrup 


Fig. 3.5, Vertical stirrups. 
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cD i neal StTEDT Pas 
_ with Vertical St = 
Bare along! n be bent up near the supports whe ie 
rie 9] 


5,4.2. fient up , 
linal har 


some of the angie men 
ia . . 1 -— vid? tt HL 
aja bm nine ‘ Eq al ryuninl 


Moment is VCTY less near the sy p | 
tia y 
or of bars are to be bent on both yr That, 
at more than one point uniformally along 05 ton, te 
pa nin Fig. 3.6. This NB the lana, tity. 
at 45° as shown in : i a ! system is fy 
heam. These bars 4 yc sistance of the heam — - - by adding th mh he 
shear forces Lirolan se nrrups The contribution oF ben up bars is not Breater th, but, 
bent up bar ani vertical > ry hate 
total shear reinforcement th, 


required lore 
up bars resist 
avmmetry, The bar 


MS ged ath nf 4 
C Coy for hes, 






Vertical strrups 






5, S$ spacing ol 
shirrups 


Fig. 6. Bent up bars alongwith stirrups. 


3.4.3. Inclined Stirrup® 


Inclined stirrups are also provid 
Fig. 3.7. Thev are provided throughor 


ed generally at 45° for resisting diagonal tension ag ch 
S Show, 
ui 


it the length of the beam 






= Inclined 
etwrups 





Fig. 3.7. Inclined stirrups. 


TH OF REINFORCED CONCRETE BEAM 


so its shear strength is to be considered in the design of RCC 
einforced concrete beam depends upon t he following : 
reases with the inerease int 


3.5. SHEAR STRENG 
Concrete is good in shear, 
beam. The shear resistance of ar 

1. Grade of Concrete: The shear resistance of concrete ine 

grade of concrete. Higher the grade, higher is the shear strengt I. 

2. Percentage of Tensile Reinforcement : The shear stren eth of a reinforced concres 
beam increases with the percentage of tensile reinforcement (A. ). 

| Based upon the gr ade of concrete and the percentage of tensile reinforcement IS code 4" 
2000 gives values of permissible shear stress in concrete in beams without shear reinforeemen” 
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3.6, 15 CODE RECOMMENDATIONS FOR SHEAR DESION (REFER CLAUSE H- 6) 
~ (WORKING STRESS METHOD) 





1, Nominal Shear Stress 


IS ‘ole recommends the uae ol TO alr for CC. beamea. The qverrirnol alee 
stress in beams or dole of uniform depth im ecateulatod js 


* V 
"bd 
where Ve shear force due to design onde. 


hoe breadth of beam (for finged beam, breadth of web) 
d= effective depth, 
9. Design Shear Strength of Concrete 


(1) Depending upon the grade of concrete ond the percentage offtensile eteel, the permissible 
shear stress in concrete (tin beame without shear reinforcement i given in Toble dd 


TABLE 3.1. Permissible Shear Stress in Concrote (Table 23 of IS 456) 


1O0AG 


——_—_— 


bal 


M0 ond above 


O20 
2d 
01 
7 
042 
(At 
() 44 
2 
(fi | 
O50 0.57 
().58 O00 
0.06 5H 0.60 0.62 
J 00 wer | A ). O47 


62 (64 
tiberva 





(vw) Solid Slabs: The shear strongth of solid slabs is equal to K. t where 


: the value of K is 
given in Table 4.2, 


TABLE 3.2, 


, Overall depth | = 900 | 225 } 200 7h | 150 
of slab in mm | or more | or | 
ad 7 Ju. | | | | a ras 
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ie 
: eth of the concrete bean, ; : 
(iit) Maximum Shear Stress (%, pas! * Ifthe shear “ el the beam, then hance, - leas 
| cme nee teece(t quetotheloadscominb™” hear reinf rein for een 
the nominal shear stress (T,¢ ‘eae stress in the beams W pre reinforce, en 
is to be provided. The nominal shear st!’ "|. Table 3.3. If nominal s : 
not waited maximum shear etress (T - BY dbs hear 


She. 
7 + 5 1 Slr a| 
then the section is to be pag 88 
rreater than the maximum shear stress (1, > *, om, be redeg;. 






4\ 





’ 2 
Ve mas (N/imm*) 


3. Minimum Shear Reinforcement is iii 

When the nominal shear stress t, is less — pacts But in Ma ped Oe thea, 
strength of concrete, then no shear reinforcement Is ‘ : as per clause 26.5.1 G = au IMU, 
shear reinforcement is to be provided in the form of stirrups as per claus 2.1.60 IS 456. 


A, ‘ 0.4 
bS, — 0.87 f, 
where A 


i 


Total cross-sectional area of stirrp legs effective in shear. 


S = Spacing of stirrups along the length of the member, 
bh = Breadth of the beam or breadth of web of the flanged beam. 
f. = Characteristic compressive strength of the stirrup reinforcement 
¥ | sae . 
in N/mm* which shall not be greater than 415 N/mm*. 
7” l . 
However in members of minor importance, such as lintels or where T, < 5 te this provision. 
need not be complied with. 
4. Maximum Spacing of Stirrups (refer Cl. 26.5.1.5 of 1S456) 
The maximum spacing of vertical stirrups shall not exceed 0.75d or 300 mm which everis 


less. In the case of inclined stirrups at 45°, the maximum spacing should not be greater than 
or 300 mm whichever in less. 


5. Design of Shear Reinforcement (refer Cl. B-5.4) 


When t, exceeds t,, shear reinforcement is to be designed and can be provided in the followin: 
forms : 


(:) Vertical stirrups. 
(a) Bent up bars along with stirrups. 
Shear reinforcement is provided to ca rry ashear force equalto V., 


V, = V-tubd 


where V 


shear force due to design loads 


t.bd shear resistance of the conerete section 
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(i) Vertical Stirrups : The spacing of the vertical stirrups is given : 


Poe: 
s Ss, 
Permissible tensile stress in shear reinforcement which 
: ; : ; sho 4 
where " greater than 230 N/mm*, muld not be 
ross-sectional area of stirrups legs. 
{stirrups along the length of the member. 


“| 
| 


= totale 
= Spacing o 
d = Effective depth. 


th 
1 


.. Rent Up Bars : Vhen bent up bars are provided their contribution towards shear 
(a) , more than half of the total shear reinforcement. It means that their 


re g15 Sil ld not be 
contribution should not be mol € ——__ 
: om! i! a= ecl 


Vl = Gy Ane - sin o 
Ve 
ye — 
where yy Ss 
A.. = Area of bent up bars 
au! 
a = Angle between the bent up bars and the member axis, @ 2 45°, 


In this system, first the contribution of bent up bars (V’,) is 


are designed for remaining shear force #.c. Vg — Vs. 


Gi) Combined System : 
puted. Then vertical stirrups 
tion for Shear Design 
ar is that section at which the shear force is maximum. The 
nas per clause 29 6 of IS 456: 2000. 


com 
§. Critical Sec 


The critical section for she 
critical sections for shear design are take 


3.7. STEPS FOR DESIGN OF SHEAR REINFORCEMENT 


Given, 

1. Loads 

9, Span of beam 

4 Material—Concrete grade and type of steel 
4. Area of tensile steel (A,,) 

Procedure : 


(a) Calculate shear force (V) at the critical section of the beam due to the given louds. 


(6) Determine nominal shear stress (1,.). 
Ct. = bs 
bel 
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&> rece tee gow Chae — 
—— WAL) | 
mein ys ail alent | hey | tind mil Shins 





sas | 1h 
(Depending on the grade af avneiets al 


cu) fw the able 3 4 


prs tonal ihe = Li'l 


stiviget ht siciwde 
Wi) Compare amdt wt sto, 


ie) Campa t aril t Tt » firrn of vertical . 
we to te ne ated we Che iO Vertical Stim, 


wife «tt ¢ Noninal sls eantornaent 
| ae i 


The apaciig af vertresl st VeT VS VS on AS 
A. (la 
hs, * O8Y 


Wife = tr Shear ponent Us ta ty deste 
ut : 
®('alculate \ 
¥, = V a NT 


: “Tt w the follow 
provid Dien Pheur SPRAY FF KOVEH wll WERE AMARA 


@ [fsertical stirmuys are 


~the shear tore taken by , 


hars az Vi and V, > _ 


\" es O, A, sine 





® For the balance shear foree iV, Vv adesign the vertical stirrups 

5. The spacing of stirmips should ne 
alse net be less than the spacing + 
entena 

6. The spacing of sturmaps can be vat 
distance from the supperts up bo whieh shear re TUHNTh Sah) 
of the lencth minnmem shear reintereeiient Tay pre tent 


eevee 0 TS or S00 win which ever ys less. It should 
{stirrups as pagina by nonunal shear reinformemert 


4,9 


“et alan “ the lenth ofthe bean by calculat var? the 
riste be de signed and in rest 





es SOLVED EXAMPLES Se 


Example 3.1.0 —_— 
An R.C.C. beam 250. 3) mm effective caries a uniformity distributed load of 100 Re 
including its self weight. over a clear span of 6 m. The beam is reinforesd with 6 bar 
of 25 mm diameter on tension side. Calculate nominal shear stress Use MEN) concrete 


and comment on its shear design. 


Solution. Given - be D6) mm, de 3) wm 
l= 6m, w = 1OOKNAn 
A, = 6. ; 24° © MAM mm 
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, ai Shear Stress (t,,) 
# Nominal “ 
1 = bd 
100 x 6 
—=— - 300 kN = 300000 N 






Max. Shear Force, V = 
ae lat 300000 
1, = bd 250 500 


1, = 24 N/mm* 
= 1.8 N/mm* from table 3.3 


tor M20 concrele, t- max 
v, > Tmax 


F 





inclusive of self 





carries a u.d.l of 10 KN/m* 
sile reinforcement consists of 12 mm diameter 


1 Fe 415 steel. Calculate nominal shear stress 





nk (effective) R.C.C. slab 
“ eos an of 5 m1. The ten 


Fd 3 , clear SP 
ea a/c. Use Ni20 concrete nic 
ey hear strength of concrete. 

‘tion Given : f = 100mm, /=4m 
| jor. al . 
™ ring 1 m width of slab, 6 = 1 m= 1000 mm 

, i 

10X98 _ 95 kN = 25000 N 


(onside 
wl 
2 2 





Max. Shear Force, V = 


s Nominal Shear Stress (t,,) 
a ae 25000 
© = bd 1000x100 


0.25 N/mm’ 
1.8 N/mm* for M20 concrete, Table 3.3 


i 


T. rrVEt 
£, < Temax Hence O.K. 


a Shear Strength of Concrete (tT,) 
= Byig* 1128) mm* 


Area of one 12mm bar 


1000 «113.1 

{ -_ ———— = 42.5 

A, 190 942.5 mm 
100A,, _ 100 942.5 


P= “hd 1000 100 


= ().04%. 


For p = 0.94% and M20 concrete from Table 3.1 
For P=0.75% 1, =0.36 


For P= 1.0%, 1, =0.d9 
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| 0.39 - 0.35 nore 

hy - . ef (0.94 bis 0.75) 
= O88 + 00-075) 


t. = 0,98 N/mm 
20 min effective cover; overall depth of slab = 120 mm 
labs, K = 1.3 for overnll depths = 120 mm [Table 3.2] 
tT = Ld» 0.38 
0.494 N/mm? > t 


t, < t, hence shear reinforcement is not required but n 
reinforcement is to be provided. 


Assuming 
Kor solid s 


oMina) 


Example 3.3. 


A reinforcement concrete be 


am is 300 mm wide and 500 mm deep (effect ive 
SUuperimpored lond of ; 


wiltabae 3 20 kN/m inclusive of self weight over a clear span of 5 m. Design 
ene shear reinforcement if area of tensile steel is 1200 mm”. Use M20 eaneencs 
mild steel bars. concrete and 
Solution. Given ; b = 300 mm, d = 500 mm 

w = 20 kN/m, f=5m 


As = 1200 mm" 
Nominal shoar stress (t,.) 
Vy 
a = bd 


Poms. 


i 20x5 
V = =" -=50kN =50,000N 


Pan 





50000, anaes 
Tt, = 300 x 500 = O.03 N/mm 





Design shear strength of concrete (t,.) 


LOO A,, _ 100 x 1200 
bd 300 x 500 
For M20 concrete and p = 0.8, t, from Table 3.1 


p = = (0.8% 
Ip, = 0.75, t, = 0.35; p, = 1.00, t. = 0.39] 
(0.09 — 0.35) 


tz O385+ ———__—- 
LOO - 0.75 


li 


x(0.8 - 0.75) 
tT. = 0.358 Nimm" 


: 
tT, < tT, hence shear reinforcement is not required but as per code we should provide 
nominal shear reinforcement. 


& Nominal shear reinforcement 


Let us provide § mm 2 legged stirrups of mild steel. 


A= 2x 


io | 


i | 4 


x 8" = 100.53 mm 
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eter Me) Mis 








ili 








ee 


fy = 250 N/mm’ for mild steel. 


gs = 287 Aw fy _ 0.87 x 100.53 x 250 
0.46 0.4 x 300 


S, = 182.2 mm say 180 mm cle 


Check for spacing of shear reinforcement 


The cc spacing of vertical stirrups should not exceed minimum of the following - 


(1) 0.75d = 0.75 x 500 = 375 mm 
(Z) 300 mm 
(ii) S = 180 mm. 


Therefore, provide 2 legged 8) @ 180 mm c/c throughout the length of the 


Example 3.4. 


A reinforced concrete beam 250 mm wide and 400 mm effective depth 


shear force equal to 100 KN at supports. The tensile reinforcemen) © 


0.5%. Design the shear reinforcement using M15 concrete and mil Id stee 


Solution. Given : b = 250mm, d = 400 mm 
V = 100 kN = 100000 N 
P = 0.5% 


Nominal shear stress (T,) 
y 100000 | -1 N/mm? 


a — aoe 


v~ bd 250 x 400 


For M15 concrete, tT. ,,, = 1-6 N/mm* [Table 3.3] 
For Ml5concrete andp, = 0.5 %, 
= 0.29 N/mm* [Table 3.1] 


+t isless than tT but 
v c max ned 
ce shear reinforcement 1s requUe’™ 


t,, > T, hen 
= Design of shear stirrups 
Let us provide 10 mmo 2 legged stirrups 0 
carry a shear force Vo. 


f mild steel. The shear rein 


V. = V-1, bd 
= 100000 - 0.29 x 250 x 400 
- 71000 N = 71 kN. 


ee 7 «10° =157mm* 


Coy ad Agy 
S, = V. | 


140 x 400 x 157 
S, = “77000 


50 


=123.6mm say 120 mm 


beam. 


is subjected _ is 


t the 


forcement is desig 


sinforcem®™ 


supp? 


ned to 





oS RCC, Design and Drawing 


_ Spacing of mitatmum (nomial) aleur reinforcement 
\) a7 A ai Fi 
‘si - | 
(dd 


_ OATS IDES SOO a) bn 
| 4s. 240 


Cheek for spacings: So should bo least of the Hvllow ing 
UW) OTE = 0.75 «400 — 800 mm 

Wi) S00 mm 

Ww) 345mm 


Ge) 120mm 
& oe L20hinm 
- Provide 10 min 6 2 legged verticn! stirrups @ 120 mim eve, 


Example 3.5, = | ; SS ee ae 


ee = 
=. 


A reinforced concrete beam 400 «x G00 mm effective is simply supported and Clirrlos 
awd. of GO KNAn including self weight over a span of Gm. The section is reinforced 
with 5 bars of 20 mm diameter. Use M20 concrete und mild steel, | 


Design shear reinforcement for the beam if only 
(a) Vertical stirrups are used, 
(6) Two bars are bent up at 45° at the supports. 


Solution. Given : A= 400 num d= GOO wim 
f=6m ne GO kN/m 


TD UF te * fi 


Maximum Shear Foree, V = a = TSOKN = L80000 N 


# Nominal shear stress (1) 


Vo 180000 a5 N/mm! 


Tt = a a 


' bd 400% GOO 
t = 1.8 Nénne Table a1] 


tT < hence OVI. 


i I. Mis’ 
@ Design shear strength of converts (1,) 


Nn? a ee 
A, 6 x20 = 1570.7 mm 


100. A,, 100% 1670.7 


= — 1.6: 
P td = Cao 





For A120 concrete and p, = 0.65 from Toble 4.1 
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(0.35 - 0.30) x (0.75 - 0.65) 
30 + (0.75 - 0.5) 


0.32 N/mm* 


= 
— 


t, > te 
required to be designed. 


hear reinf orcement is required : 
= V- t,bd 
- 180000 - 0.3 


" Pas ent 1S 
” wy reinforce™ | 
| 1 ) for * 
ree {Ys 5 


cheat 5 
9 x 400 x 600 = 103200 N = 103.2 kN 


yertical stirrups 
ameter 


10mm di 
osy -Asv © 
§,= Y. 


ysing 9 Jegged stirrups 


(a ; 
{us provid 


140 x 157.1 * 600 
103200 
127.8 mm say 120 mm. 


af 
" 


Ss = 


js less than following : 
he spacing 0.75 x 600 = 450 mm and 300 mm, 
minimum shear reinforcement (S,,) 
7 x 157.1 x 250 
0.4 x 400 


0.87 Acy ile = 0.8 


Sv, = “9.4 x 400 
213.5 mm say 210 mm 


Maxi jmum 


v; 





g Zone of maximum epaciny 180 
V. = t bd 
= 76800 N 
= 76.8 kN 
768 _ x 
180 3 4c 
en 3x 76.8 -128m Fig. 3.9. Shear force diagram. 
~ 180 ; 


) = 1.72 m zone from both supports. 
from both supports and 10 6 2 legged 


Design stirrups are required in (3 — 1.25 
pg. 3.10. 


». Provide 10 6 2 lgd @ 120 mm c/c upto 1.72 m 
@ 210 mm we is the remaining middle portion as shown in Fi 
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10 »2 Iga @ 120 mmere | 1002 \9d @ NoOmmce 1062lgd @ 120mmcc 





Fig. 3.10. 
(6) Using 2 bent up bars at supports : 


: Ton? : = 
Area of steel available near the supports = 3% ri x 20° = 94.2 mm 
_ Ox 942 _ 9 39% 
P = 400 x 600 
For M20 concrete and p = 0.39% from Table 3.1 


(0.30 - 0.22) | 
_noo. le x (0.5 -— 0.99) 
fi, = eeet ibook 


0.25 N/mm 
Shear resistance ofconerete = t..od = 0.25 x 400 x 600 = 60000 N = 60 KN. 
Shear torce resited by shear reinforcement 
Vo =V-1, bd 
Vv. = 180000—60000 
V = 120000 N = 120 kN 
Shear taken by bent up bars = Ve. 


it 





oc .AL sin a 


ll 


il 


- 140x2x qx 20° x sin 45° 





V, = 62191 N = 62.191 kN 
: Vs — 120 
But shear force taken up by bent up bars > “5 oy = 60 kN 


Shear taken by bent up bars = GOkKN 
Balanced shear force = 60 KN to be resisted by vertical shear stirrups. 
Spacing of 8 mm 6 2 legged vertical stirrups. 


Ag = 2x— x 8* = 100.53 mm? 
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— a Bt 


oe Tay Any .d races. 87") 
Vi, 

S =x 140 « 100.53 » 600 

e 60000 


S, = 140.7 mm say 140 mm 
spacing as per nominal reinforcement 
Maximun | 


_ OBTAsy/, — 0.877100537 250 
al | ca 
| 0.46 0.4 7 400 


= 136.6 mm or 130 mm (say) 
S, = 130mm < 140 mm 


f 


- ‘mum spacing should be least of following : 
Max! 


~~ ang)mm 
(it) an So 2 legged vertical stirrups @ 130 mm c/c throughout the length of the beam along 
. Provide 50 « fei a ag 
th mast up bars as shown in Fig. 3.11. 
with 2 be 


9.00 mmobars 2.140mm6 





Fig. 3.11. 


4.8, BOND AND DEVELOPMENT LENGTH (REFER CLAUSE 26, IS 456 : 2000) 





3.8.1. Bond 


The term bond refers to the adhesion between concrete and steel which resist the sl ipping of 
steel bar from the concrete. It is this bond which is responsible for transfer to stresses from stee] 
to concrete and thereby providing composite action af steel and concrete in R.C.C.. The bond 
develops due to setting of concrete on drying which results in gripping of the steel bars, 

The bond resistance in reinforced concrete is obtained by following mechanisms ; 


1. Chemical adhesion ;: It is due to gum like property of the substances, formed after 
setting of concrete. 


2. Frictional resistance: It is due to friction between steel and concrete. 


3. Gripping action : It is due to gripping of steel by the concrete on drying. 
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<> A.C.C. Design and i  e 
1. Moehanteal Interlock Hin provided by the corrugations or ribs present on the Surface 
Of Chie he fawn Tine | 
The bond be eninied Lo he perfect in the design of reinforced concrete structures. The bond 
het woot atort and concrete cin be increased hy the follawing methods : 
BU sing deformed or twisted har 
Brit rich iin of concrete 
B Adequate compaction and curing ef conerete for proper setting, 


Broviding hoolocat the end ofthe remforcing bare, 


4.8.2, Development Length 


Por understanding the eoneept af hond and 
development length, lets eoosidera steel barembedded 
HWhentereto ae ehownin bay UY Phve bane i subyeeted to 
tensile foree 2 Dine te this tensile faree, the steel bar 
WHT tend te eome out and elip owt of the canerete, This 
Loniheney of slipping i resisted by the band stress developed Fig. 3.12. 
Over Che scurfiee af thee dav 





Rone strvas (t nel tS Che shear stress developed along the contact surface between the reinforcing 
‘feel and the surrounding concrete which prevents the bar from slipping out of concrete. 


To avon slipping: T' < Tay MOR = & I, (Surface area = xr y LJ 
as nh. oe , 
fi = a = 4 » ol [- T= Oy -A,| 

nm of o.* 
a, r ' Oy : Th n on ny A L, 
P 1, .0 
ve 3 | Tay 


When 





Ly = is the embedded lenyth of steel bar 
oO, = permissible stress in stee] 


Th é Lonel Stress 
O = Dinmeterofbar 
Lis called as the development length. [tis the 
embedded in concrete beyond any section to develop 
anchorage length in case of axial tension or axial ¢ 
Nexural tenon or flexural compression, As perc 


mintumum length of bar which must be 
its full strength. This is also called as 
Ompression and development length in case of 
ade TS196.2000, development length is given by : 


Om, 


‘. 


. 4); 


The permissible bond stress Th depends upon the grade of concrete and lype of steel. The 


values of permissible bond stress are given in the Table 3 4 (Table 21 of IS 456) 
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«Shear and Bond 9 | 
—T ABLE 3.4. Permissible Bond Strons for Plain Bara and Deformed Harn in Tarision, 
f conerete lk Sit for plain bare _ Tig! for Mefurtned rare | 
of € (Nim) (Nimon’) 





—ee— Ee . 
a 













} 4h 
M20 Y, 
a ) 0 
— 176 
_ 1.04 






M40 and above 










Notes * 
(ij) For deforme 


than that of plain bars. 
‘Therefore, permbinible band strest for plain 
than that for the bare in tension, 


G0 more 


pushial inside, 
| dl rie 
jon is token as gh) mare 


d bars Tad 1s 


. easier tO pull a bar than to 
a ai 4 compress 
"A leformed bars in compr 
" QO at 
hin ca: wasion = arp 2s ; * he 
lopment length 10 compre A125 Trop _ | 
_ ! et) by following formulae 
-_ teel t a of different grades are computed hy following for 
efor steel 
engths fo 
The deve = 
. dtl 
even i Tab! 
and giver b:dy 
D elopment length intensien AT yd 
eve 
LY; 


Jength in com pression = Fr, , 


Development 


TABLE 3.5. Development Length for Single Bar. 








L, compression (mm 





L., in tension (mm) 


e250 plain 


bars 


| Deformed hars 
| FedlS 


Notes : 

1. ois the diameter of the bar. | | —o ee 
, an be that forthe individua 

9 Incase of bundled bars in contact, the development length [5 perv Il by tht for the I! 

hars and increased as fallawing : 

i) 10% for two bars in contact, 

(a) 20% for three bars in contact. 


fin) 39 for four bars in contact, 


56 





3.0, ANCHORAGE FOR REINFOROEMENT BANA (01, 00,8,2 at Ih 40q) 


PEO O\ Gnade ard (Na ediny 


ay! —_ , 
tw hovarhapunionny Novas Ea cal Lovtien canna das TOROLCLA RLU CRUEL LLL) Wb Dynny Wan 


WAVY Te partially ataatartot ain MUU LINIONL Tat Me RECUR UCLA LOLML UL ACT | Pe 


Of berihs ail houks 


4.9.1, Anchorlag Hare tu Tenelaw 


Nit) 


1) Blocks cre quran ttoat nananiatly day PL Dae A Heuvadinn 
V2) Doh cieat bared ray terre wilt auist andi aye (Ei becrlove lap iient Tong hy PONDER pa yaiyyy 


is cieahind lial 


(0) “Wty tasers stun dy tala ORCUTT) De 


ee) lhe TUL CUR TT TET BT TOIT LIVIMCIRITLALL ELM METI ACL Et | hie lini lhny Mihaly 
ME COU oy a ermine itl MTL VAnanorn UNyae aTHevtenantany’ out Teena 


(0) The ane tire vale ala atic MEV CORCC MORO MLE COR ALLEL TTT Pur (Mig tl Lilia 


at tra 


(Phe anchorage vale ata SUAVUWT UST PND Trend de Edie Chee itt OP a bday 





Dime A pay rik) byeaed (rai 
bem od a cho Waritheal fain 





(ANGI Veni < beh) 


cia! 


th Oly souhy ohne) Panny 
b= diy Woh err Danie 


a 


= 








jie Vea 
Ma »| 
e 
Wa =— | 
ke _ pl | 


(Alte Hrerengpn venlne we fin 
(fv! 


i i 
ies. i Ae 


3.9.2. Anchoring Bars In Compresalon 


The dieborige lengthot bor ie COTMIP Peston dail do (he evelopment Vovnagythn of bare in 
COLTS Thee Mp essionn bane Pu Queeda’ Was spacial weve CRC OPT ents 


3.9.3. Anchoring Shear Relnforcement 


(a) Stimmups: As per S460, (he development and ate hore longth deemed to have prnviced | 


In the sturrupts wher 


GQ) The stirrup baris bent (heoweh an Arte ob atiowst 10° wrownd a har of atleast ite own 
diameter and is continued bevend the eurve (ora longth of atleast ought Cines the bat 


lismeter 
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Shear and Bond 


When the bar is bent through an angle of 135° and is continue 

length of at least six times the bar diameter. s continued beyond the curve for a 
) When the bar 15 bent through an angle of 180° and is contin ee 

- length of atleast four times the bar diameter. ued beyond the curve for a 

py Bent Up Bars: The ovr 

of bars in tension allowing for 

. n tension Zon 


a) I | 
(ii) [n compress! n zon 


RECOMMENDA 
9.3 of IS 456) 


lopment length of such bars is according t 
rg ing to the developn 
hooks and bends if provided and measured as oe 
e—from the end of sloping or inclined portion of bars. ; 
e—from the mid depth of beam. 


ATIONS REGARDING CURTAILMENT OF REINFORCEMENT 





(REFER cl. 26. 
extend beyond the point at which it is no longer 
whichever is more except at 


l 


4j]}ment, reinforcement shal 
j, For curtailme Ee ate 


quired ta resist bending for 4 dista 
sim ple support or end of cantilever. 
2, Positive Moment Reinforcement : 
(j) At least one third of the positive mome 
| and one fourth in the continuous beams § 


t in simply supported beams 


nt reinforcemen 
rt, for length equal to 


hould go into the suppo 


Ly 
a. 


(ii) At simple supports 
moment rel 


ero bending moment) 


flexion (point of z 
,computed 


points of in 
ed toa diameter such that L. 


and at the 
all be limit 


positive nforcement sh 

‘ OO sy - lsce ths M, ; 

from equation Li=a.. isless than 77~ +lo 
s 


M, = Moment of resistance of the section assuming all the reinforcement at the 


section to be stressed to G,,. 
nsile reinforcement 


where 


- Permissible stress inte 


O. 
V = Shear force at the section due to design loads 
>= Diameter of bar 
|, = Sum of anchorage beyond the centre of support and the equivalent 
hook or mechanical anchorage at simple support; 


anchorage value of any 
and at the point of inflextion, /, 
members or 120 which ever is greater. 

| 


is limited to the effective depth of the 


M 
The value of — isi | 
min yse a i f ii Toe = . ' F 
V creased by 30 percent, when the ends of the reinforcement are confined 


by a compressive reaction. 





Pi te I 7 
‘ i a al ‘ , 
Pec /TPel ELUM EO PPPOE ees 
= Sa, 
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ae R.C.C, Designand Drawing _ 


d. Negnutive Moment Reinforcement: 


ae At least one third of the total reinforceme Ovid. | 
for NeRIOVE Moment at Che su i cant tear nt Provided 


Pport shall extend beyond the point of inflection for a distance no 


VemmalBucis bt : t 
than the effective depth of the member or 12 or one sixteenth of the clear span whichever jg wae | 
3.11, WAYS TO GET DESIRED DEVELOPMENT LENGTH | 
The code IS456 + 2000 recommends the check for development length by following Equation - | 
M 
7 + ly = Ly | 


Ifthe check is not satisfied than fullowing measure may be adopted for satisfying the check « 


l. By reducing the diameter (boofthe main stec] to have lesser value of L , but keeping the 
urea of steel al the section unchanged. 
“} 


<. By increasing the value of? by providing extra length of the bar over the bend. : 
4. By reducing the number of bent up bars, 

Checking for development length is essential at the following sections : 
At simple supports, 

At cantilever supports. 

AL points of contraflexure. 
At points of bar cut off. 


In beams of very short spans. 


| Fy . : . a 
For stirrups and transverse ties. 





Mn =6SOLVED EXAMPLES Re 


Example 3.6. 





A simply supported beam is 260 mm x 500 mm is reinforced with 2-20 mm Tor steel 
bars. If the beam is subjected to a shear force of 90 kN at the support. Determine the 
anchorage length required. Assume M20 concrete and Fe 415 steel. 


solution. Given 6 =250mm, D=500 mm 
i = t N/mm“ [For M20 concrete] 
6, = 230 N/imm [For Fe 415 steel] 


af 


As See 2x 7 x 20° = 628.3 mm? 


| . 20) 
Effective depth = d = 500 — 25 - 3 = 465 mm [assume clear cover = 25 mm| 
Ty = 1.28 N/mm* [for Fe 415 steel and M20 concrete, Table 3.4] 
@ Design constants (/ and j) 
280 280. 
[t+ = = a 4 
m 304. 3x7 13.3 
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he — m Ty. 
fr Tepe + o 

13.33 x 7 
ings 
13.33x7 +230 29 


Pe } 0.29 
J = 1-3 =1-7 - 0.90 


# Check for development length 





My 
iF Sila ly 2 L, 
ke. 
ha = 4t , 
bef 
_ 20x 230 


. Axe = 698.5 mm say 900 mm. 

Let us provide a 90° bend at the centre of support 

Anchorage length = {y= 80=8x 20=160 mm 
M, =a, A,, Jd 

230 x 628.3 x 0.9 x 465 

60478800.17 Nmm 


il 


V =90kN =90.000N 
M, 6047880017 
—t af, — BUSOo0017 |... 
ai 90,000 * 189 


= 831.9 mm < Ly 


M 
4 + fy > Ly 


Hence codal requirements are not satisfied. So there is a need to increase anchorage length, 
which ways can be done in any of the following ways : 
I. Providing a U-bend at the Centre of Support (Fig. 3.14) 
Anchorage value = /, = 16¢ Centre ol support 
= 16 x 20 
= 320 mm 


M, 6047880017 | «. 
ill t = See og 
vy +o =~ 90,000 
— 991.9 > Ly 


M 


i. + by > [, 





Hence codal requirements are satisfied. Fig. 3.14. 
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Il. Extending the bars beyond centre of support (Fig. 3,15) 
It is not advisable to provide a U-bend in Tor steel (H-YSD) bars becayus 


e e the a 
may fracture during bending. Hence, the anchorage length is increase by extend, tt 
beyond the centre of support. »B Ah 


Assuming endcover = 20 mm 


Anchorage value = ly =950-?0- 930 mm 


M, 60478800.17 
— + lo a SS 


V * 40000 +230 


= 902 mm > 900 mm or L, 


le | 20 mm end cover 





Fig. 3.15, 
Hence ci 


odal requirements are satisfied 


a OBJECTIVE TYPE QUESTIONS — 
(A) Fill in the Blanks :- 





Diagonal tension cracks are 
Shear reinforcement 


i degrees. 
. Shear force 


Provided in the lorm of vertie 
qual to the rate Of change of 

are at | deprees. oo 
ar stress (1) jg equal ty 
results jn | 


iS @ 
Flexural cracks 
- Nominal she 
* Shear force 


al bars is known as . 


soo. PY 


- 


‘ , i... 
Shear Blreneth wr _ Vegi mane at 
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CHAPTER 


INTRODUCTION TO LIMIT STATE METHOD 













INSIDE THIS CHAPTER . 


4.4, Charactoristic Values and Design Values 





4.1. Introduction 

4.2. Lint Slate Concepl 

4.3. Comparison of Working Stress 
Method and Limit State Method 


4.5. Design Values 






4.1. INTRODUCTION 

The working stress method gives satisfactory performance at working load but no attention 
is enven to the conditions that arise at the time of collapse of the structure. This method does not 
five exact margin of safety. This draw back was taken into necount in the ultimate load or load 
factor method of design. But load factor method leads to excessive deflection and cracking. A more 
rational approach is given by limit state method of design which is a balanced combination of 
working stress and ultimate load design method. The limit state method of design is discussed in 


Section 5 of IS code 456 : 2000, 
4.2. LIMIT STATE CONCEPT 
PS SA gal ereileteealialay 
‘The aim of this method is that the structure should be able to withstand safely all the load 
that are liable to act on it throughout its life and it should also satisfy the serviceability requirements 


of imiting deflection and cracking. Limit state is defined as the acceptable limit of safety and 
serviceability requirements before failure. The most im portant limit states which are considered 


in design as are follows: 
() Limit state of collapse, 
(Z) Limit state of serviceability. 


4.2.1. Limit State of Collapse 
This limit state is also called as strength limit state as it corresponds to the maximum load 
carrying capacity ¢.ec. the safety requirements of the structure. The limit state of collapse 1s 
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_ introduction to Limit State Method 


d from collapse of the whole or part of the structure. As per this limit state, the resistance 
ng, shear, torsion and axial loads at every section shall not be less than that produced by 
unfavorable combination of loads on that structure. The following limit states of collapse 
dered in design : 





assesse' 

to hend! 

the most 
(j) Limit state of collapse in flexure (bending) 
(ii) Limit state of collapse in compression 

(ii) Limit state of collapse in shear 

(iv) Limit state of collapse in torsion. 


4.2.2. Limit State of Serviceability 


A structure is of no use if it is not serviceable. Thus this limit state is introduced to prevent 
excessive deflection and cracking. It ensures the satisfactory performance of the structure at 
working loads. It is estimated on the basis of elastic theory or working stress method because 
deformation is of significance under working load and not at collapse. Limit state of serviceability 
of following limit stales: 

(i) Limit state of deflection 


(ii) Limit state of cracking. 


The structure should be designed which considering all the appropriate limit state of safety 
and serviceability. The structure should be designed on the basis of most critical limit state and 
then checked for all other limit states. 


4.3. COMPARISON OF WORKING STRESS METHOD AND LIMIT STATE METHOD 
ee Eee ne een, eee 


Limit State Method | 


This method is based on the actual stress-strain 
curves of steel and concrete. For concrete, the 






















Working Stress Method 


‘This method is based on the elastic theory 
which assumes that concrete and steel are 
elastic and the stress strain curve ts linear stress strain curve is nonlinear. 
for both | 
(2) In this method the factor of safety are 
applied to the yield stresses to get 


permissible stresses. 












In this method, Partial safety factors are applied 


to get design values of stresses. 









Design loads are obtained by multiplying partial 


No factor of safety is used for loads. , 
safety factors of load ta the working loads. 























Exact margin of safety is not known. Exact margin of safety is known. 


This method ts more economical as it gives 
thinner sections, 


This method gives thicker, sections, so less 
economical. 


a 








This method is based upon the probabilistic 
approach which depends upon the actual data oer 
experience, hence it is called as non-deterministic 


(6) This method assumes that the actual loads, 
permissible stresses and factors of safety 
are known. So it is called as deterministic 


method 











method 
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R.C.C. Drawing and Design 
4.4. CHARACTERISTIC VALUES AND DESIGN VALUES (REFER CLAUSE 36, IS CODE) 


4.4.1. Characteristic Strength of Materials 


(a) Characteristic Strength of Concrete 

The team characteristic strength means that value of strength of material below which 
not more than 5% of the test results are expected to fall. It is denoted by cK in N/mm The 
value of f, for different grades of concrete are specified by IS code 456: 2000 and given in 


Table 1.1 of Chapter 1. 


(b) Characteristic Strength of Steel 
The characteristic strength of steel is taken as the minimum yteld stress or 0.2 percent proof 


stress specified by various Indian standards. In the case of mild steel it is taken as equal to 
minimum yield strength and is the case of HYSD bars it is taken as equal to 0.2 percent proof 
stress the values of characteristic strength of various types of steel are given in Table 1.3 of 


chapter-1. 


4.4.2. Characteristic Load 
Characteristic load is that value of load which has a 95 percent probabultty of not betng 


exceeded during the life time of the structure. In absence of any data, loads given in various 
standards shall be assumed as the characteristic loads. The following standards may be used for 


this purpose: 
[S 875 (part 1) — for dead loads 
1S 875 (part 2) — for imposed loads. 
IS 875 (part 3)— for wind loads 
[S 875 (part 4) -for snow loads 
IS 1893 (part 1)- for earthquake loads 


4.5. DESIGN VALUES 





4.5.1. Design Strength of Materials 
The strength of any material obtained in a structure is always less than the characteristic 
strength of the material. It is because of the workmanship or quality control in the manufacture 


of materials. 
The reduced value of strength which ts obtained by applying partial safety factors to the 
characteristic strength is called as design strength of the material. 


The design strength of the material f, is given by 


f 
i= 
f = characteristic strength of the material 
'm = Partial safety factors appropriate to material and limit state being 
considerec. + 
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CHAPTER : | | 


LIMIT STATE OF COLLAPSE : 
FLEXURE AND SHEAR 


Moallchiicne )aias 






5.1, Assumptions in Limit State of Collapse 5.9. Effects of Shear : Diagonal Tension 
in Flexure (Bending) 5.10. Types of Shear Reinforcement 
5.2. Stress-Strain Relationship for Concrete 5.11. Shear Strength of Reinforced Concrete 
5.3. Stress Strain Relationship for Steel Beam 
5.4. Analysis of a Singly Reinforced Beam 5.12. IS Code Recommendations for Shear 
§.5. Balanced, Under-reinforced and Over- Design (Clause 40, IS 456) 
reinforced Sections 5.13. Steps for Design of Shear Reinforcement 
5.6. Finding Moment of Resistance of Singly §.14. Bond and Development Length 
Heinforced Bear 5.15. Anchorage for Reinforcement Bars 


Limit State of Collapse : Shear and Bond 5.16. Codal Recommendations Regarding 
Curtailment of Reinforcement 


5.7. Introduction 
5.8. Shear Stresses in A.C.C. Beams 5.17. Ways to Get Desired Development Length 


ASSUMPTIONS IN LIMIT STATE OF COLLAPSE IN FLEXURE (BENDING) 


(REFER Cl. 38, IS 456) 


The design of reinforced concrete sections for limit state of collapse in bending, is based on the 





















fullowing assumptions. 
(a) Plane sections normal to the axis remain plane after bending, It means that the strain at 


any point in the cross-section is proportional to the distance from the neutral axis. 
(b) The maximum strain in concrete at the outermost compression fibre is taken as 0.0039 


in bending. 
(c) The relationship between the stress-strain distribution in concrete ts assumed to be 


parabolic, as shown in Fig. 5.1. For design purpose, the compressive strength of concrete 
is assumed to be 0.67 times the characteristic strength of concrete. The partial safety 
factor (r,.) = 1.5 shall be applied in addition to this 


: 0.67 [ 
Maximum compressive stress in concrete = ~T “ 
al 





(d) Th where f., = Characteristic strength of concrete. 
| © fens sw 
4 — strenpth of the concrete is ignored. 
ITESsesg | : | | 
rt the reinforcement are taken from the stress-strain eurve jor the fype of 


Steel used as sh 
| " OwninkFie £-oO § + : 
(01.15 shall bo ie 5.2. For design purposes, the partial safety factor (r,,,)equal 
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p The ma ximum strain in the tension reinforcement in the section at failure shall not be 
Jess than 
a 
lige, 


f{, = Characteristic strength of steel 


z= Modulus of elasticity of steel, 


| 


,, STRESS-STRAIN RELATIONSHIP FOR CONCRETE 
5, 





experimental or actual stress-strain curve for concrete is very difficult to use in design. 


om 15 code 456 : 2000 has simplified or idealized it as shown in Fig. 5.1. 
| g For design purposes, the compressive strength of concrete in the structure is taken as 
0.67 times the characteristic strength, The 0.67 factor is introduced to account for the 


difference in the strength indicated by a cube test and the strength of concrete in actual 
structure. 

g The partial safety factor (r,,,.), equal to 1.5 is applied in addition to this 0.67 factor. 

g The initial portion of the curve is parabolic, After a strain of 0.002 (0.2%), the stress 


becomes constant with increasing load, until a strain of 0.0035 is reached and here the 
concrete 15 assumed to have failed. 


: a 
Parabolic | idealised curve for 


concrete in cube , 
: ; 0.67 t.. 
Idealised curve for 


® Stress 


concrete in structure 


3) 0.67 thin = 2:87 fer 





1.5 
v. Design curve = 0.446 f,, 


| 





0.001 0.002 0.003 0.0035 
stran—* 


Fig. 5.1. Stress-strain curve for concrete. 


SA STRESS STRAIN RELATIONSHIP FOR STEEL 


na te strain curve for mild steel, Fe 415 and Fe 500 are shown in Fig. 5.2 and 5.3. For 
. d steel, the value of characteristic stress is taken as yield stress and the design curve is 
dined afler applying a factor of safety of 1.15 to yield stress. The design stress for steel is equal 


i 
Lys '® 0.87 /,. For high strength bars (Fe 415 and Fe 500), the yield point is not distinct, 


beNee wield es... « 
Neld stress is taken as 0.2 percent proof stress and factor of safety is applied to it. 


teins 
pelea, 
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Design strength values for steel! 


(1) For mild steel /, = a = 0.87 f, 
and (/, = 250 N/mm‘*) /, = 0.87 x 250 = 217.5 N/mm” 

(ii) For Fe 415, f, = 0.87 x 415 = 361 N/mm” 

(iii) For Fe 500, /, = 0.87 x 500 = 436 N/mm’. 


Characteristic curve 







, 


/1.15 = 0.87 f, 






Design curve 


Stress —» 


2 
=, = 200000 N/mm 





Strain. — 


Fig. 5.2. Stress-strain curve for mild steel. 


Stress 
(N/’m m’) 


.——-— Characteristic 
Curve 
Design Curve 





0 0.001 0.002 0.003 0.004 9.005 
Strain ————_» 


Fig. 5.3. Stress-strain curve for high strength deformed bars. 
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— 
a 


(a) Fe 500 steel (b) Fe 418 steel 







5.4. ANALYSIS OF A SINGLY REINFORCED BEAM 
ooo —— | 
Consider a singly reinforced beam section subjected to bending as shown in Fig. 5.4. 
f= 0.0035 0.446 [, 
4———+ 


4° —» 








k—+ T =0.87 1, Ay 
O87, 
| a. + 0.002 
Su 
E, 
fa) Section (b) Strain diagram (c) Stress diagram 


| Fig. 5.4. Stress and strain distribution in a singly reinforced beam as per IS 456. 


54.1, Strain Distribution 

The assumption (1) of the limit state theory gives a linear strain distribution across the cross- 
— as shown in Fig. 5.4 (b). It varies as zero at the neutral axis and maximum at the extreme 
| Mbres, The various salient points of the strain diagram are : 


covueena raped eR A) ARETE ee 
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() Strain at neutral axis = 0. 
dr) Maximum or ultimate strain in conercte at extreme fibre, €,,, = 0.0035 





(2) Strain at constant stress of 0.67 f,,, ©, = 0.002, 

(iv) Ultimate strain in steel corrosponding to maximum stress 
0.87 f, 
fs = 


i 


at failure, 


+ 0.002. 


5.4.2. Stress Distribution 
The stress diagram is shown in Fig. 
linear from B to C above the neutral axis. The Vario 
(@) Stress at neutral axis (Pt. A) = 0. 


0.67 fix 
(ii) Stress at 0.002 strain (Pt. 8) = O67 bok - 0.446 f,. 


5.4 (c), It has a parabolic shape from A to 8 and they 
is salient points of the stress diagram are. 


(i) Stress at extreme fibre (Pt. C) = 0.446 /,,. 
(iv) Below the neutral axis, the concrete Is assumed to be cracked and maximum stress in stee] 
= Jy 0.87 4 


~ 49.15 





5.4.3. Stress Block Parameters 
For the stress strain curve of concrete the design stress block parameters (Fig. 5.5) are taken 

as following as per IS 456 : 200. 
Area of stress block = 0.36 f,, x, 






0.42x,, 


Depth of centre of compressive force from theextreme = x, C = 0.361,,x,b 


fibre in compression = 0.42 x, 


5.4.4. Neutral Axis Depth (x,) 

Neutral axis is the axis at which the stresses are zero 
and it is situated at the centre of gravity of the section. The dies. Concer stvew tilock 
depth of neutral uxis for a singly reinforced beam 1s © caepelads “ com pression, 
calculated by taking equilibrium of tensile and compressive SPR 


forces (Fig. 5.6). 


0 0035 
or 





C= 0.3545f,, Dx, 
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6 = Width of section 





d 
af 
a, 
C 
T 
Total tension (7) 
Total compression (C) 

(5 456: 2000) 

For equilibnum af forces 

Total tension 
0.87f A,, 


x 


= 


i 





Effective depth of beam 

Area of steel reinforcement 

Depth of neutral axis 

Total compression 

Total tension 

0.87f,.A,, 

0.36 f, x,.6 at 0.42 x, from the top extreme fibre (as per 


Total compression 
O36 fx, 6 


which is given in Clause G1.1 of IS code. 


al 


- 


5.4.4.1. Limiting Depth of Neutral Axis (x, ,,.,.) 


The strain distrbution for the singly reinforced beam is shown in 
Fig. 5.7. The maximum strain in concrete is 0.0035. As per code, the 


strain in steel at failure should not be less than 


limits the depth of neutral axis to its maximum or limiting value. 


From the diagram : 





Ta max 





(0.87 f, 
| E. 


Ty max 


df 


= 


= 087f, 





Sa, Syl Ss ee PR i bei Pel Pa 


— 
= 





0.87 f, A, “a 
0.36 f.,6 
0.87 /, .A,, 
0.36 f,, bd 
0.0035 


0.87/ 
Ty. 4.002. This 

















O.87/, 
+ 0.002 
d -X mm 
(From similar triangles] OEyt. 
++0002 
0.0035 me 
0.87, Fig. 5.7. Strain diagram 
a, o00n 57 Stain diagram 


+ 0,002 + 0.0035 = 0.0035 d 


0.0035 
+ 0.0055 


meee HT LAT nth 


71 


it el ee) ei ee ae Le 





R.C.C. Design and Drawing 


s the limiting or maximum values of depth of neutral axis for q; differen, 






The above equation gives 
erades of steel. 
The following Table 5.2 is based upon the above equation and gives limiting values depth a 


neutral axis for different grades of concrete. 
TABLE 5.2. Values Of X,, max! 


Grade of Stee] 


Mild steel (Fe 250) 
Fe 415 
Fe 500 





| = sees 5 9 
The value of E, or modulus of elasticity of steel is taken as 2 x 10 N/mm. 


5.4.5. Moment of Resistance (Clause G 1.1, IS 456) 
The moment of resistance of a singly reinforced beam under limit state of collapse is calculated 


as follows: 


(O446 6, _ 


Li 


C= 0.36 f., bx, 





T=0.87f, A, 


Fig. 5.8. 
The moment of resistance is equal to the moment of the couple formed by two equal and 
opposite forces L.e., total compression and total tension (C and 7). 
Ultimate moment of resistance = M, 
M,_ = C lever arm = T x lever arm 
C= 0.36/, 6.x, which acts at 0.42.x, from the top most fibre. 
T= 087/,.A,, 
erarm = d-0.42 mi: 
M, = 0.36 f.,b x, (d-0.42x,) 





72 








Limit State of Collapse : Flexure and Shear C8 


M, = 0.36 f., .bd .x , 1 = ais 








M, = 0.36 Fen 2 ) ~ te loa (ti) 


The above equation gives the value of ultimate moment of resistance of the singly reinforced 
am. The moment of resistance of this beam can also be obtained from tension side as follows : 
| Mo= Tx lever arm 

0.87 /, A,,(d -0.42x,) 


be 


(UE) 





= ().87 fy A,, a(t “ “ate | 


By putting value of x, in Eq. (an), we ret 


Af 
- 0.87 PD eae 
M, f, Ay a(i bd 


5 45.1. Limited Value of Moment of Resistance 


The depth of netural axis is limited tox, ,,,,.. The maximum value of neutral axis depth gives 
themaximum or limiting value of moment of resistance. 

The limiting or maximum value of moment of resistance is given by M, ,,, which we get by 
substituting x, ,,,,forx,, IN eqn. (i) 


en a ee 
Mi. 0.36.4. (1 - oe Aanee leg? (Para G.1.1 (c) of IS 456) 


For example: M, ,,,, for mild steel is obtained as follows ; 


ls taht i} xX 
met = 0.53 [for mild steel by putting £ = 250 N/mm tn the expression for <a 
Mum = 0.36f,, * 0.53 (1- 0.42 « 0.53) bd? = 0.148 f,, bd* 


The following Table 5.3 gives various values of M for various grades of concrete and steel. 


uw lim 


TABLE 5.3. Limiting Values of Moment of Resistance (Nmm) 


Concrete grade Mild Steel High Strength Steel | High Strength Siecel 
‘Fe 250) (Fe 415) (Fe 500) 


M.,, =O0.148/, 6d" | M,,,.=O138f,bd? | M,,,,=0.139f, bd? 


da Hitt iad vert ap (pare 


2.29 bil” 2.07 bed" 2.00 bi? 
2.96 ld” 2.76 bul” 2.66 hel? 
3.70 bd 345 bd” 3.33 bel? 
4.44 bel” 4.14 bd 3.99 bd” 
6.21 bd* 4.83 bd® 4.65 bd? 
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5.4.6. Percentage of Steel (P,) 
The percentage of tensile reinforces rat 1 bye i i 
ae! ge of tensile reinforcement can be found by equating the tensile and COMP Nyy 
i=C 
O.877/,.A,, = O0.56/, bx, 
0.36 fiyx, 
0.87 /, 


b 


Ay _ 0.36f,x, 


af 
bd = O.87 fd 


p Aw _ 0.36f4x, 
‘bd ~ O87f,d 


| x 
As the value of — ic limitod ; mee | nadie 
alue of 7 1s limited, its maximum value gives the maximum percentave of steel 


0.96 fi, i yman | 
O.87/, °° a * 100 








P. sin (%) = 


; tien 


| a | —_— my og 
For mild stee], the value of = is 0.54 and its yield stress (f) is 250 N/mm”. Putting these 


values in the expression of maximum percentage of steel, we pet : 





Ole 0.53% 100 
s =— ee — i ia) . 
Miim = 0.87% 250 "0°" 


0.85 /, 


Thus, by putting various values of /., for different grades of concrete, we get limiting percentage 
of steel. The maximum or limiting value of percentage of steel for different grades of concrete and 
steel, for singly reinforced beam are given in Table 5.4. 


TABLE 5.4. Limiting Percentage of Tensile Stee! (P, ,,,,.) 





Grades of | 


Concrete 


Sos Values of P, ,,,, (%) 





(N/mm?) 


ty 
2() 
2h 
dt) 
Bh) 
40) 
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55. BALANCED, UNDER-REINFORCED AND over. -REINFORCED SECTIONS 


The value ro 7 , calculated from the stress block, is equal to: 


0.87 f, .A,, 
0.36 fea 0 


i 

7 = 
*umax ae 
4s calculated from the strain distribution diagram is as 


qhe limiting value of — i.e, =*" 








gs][ow'> + 
Xymax _ 0.0035 
a tee. 
E. a 0.0055 
xy 
“t and > a are compared and the followi ‘ing three eases may arise (clause G1.1 of IS 456). 


O.B7 f. 
, Thy 9.002 





In the balanced section the stee! reinforcement reaches the yield strain i.e, 
tthe same time as the concrete reaches the ultimate strain value of 0.0035. The stre ss diagram 
for this case 15 shown in Fig. 5.9 or The percentage of steel in a balanced section is equal to the 


imiting percentage of steel (/,,,,,,) 
= 0.0095 0.0035 
i+ 


kt — + 







Actual 
neutral 
ans =X, | 





a Prine 










ritical| neutral axts 
Crit ulralaxts 5 | 


oe 








f 
k}-— 4 F ei 
0.87 |, sal. 
qa hee oi 
. ; 0.87 F 
Cee = ——_ + 0 O02 
i 
fa) (hd Balanced fe) Uneder-retnforevd fa) Quer-reinfurced 
sechion section sec tio 


Fig. 5.9 Strain diagrams for balanced, under reinforced and over-reinforced sections 
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d 
fa) P, = Putim 
(2) The yield strain in steel and ultimate strain in concrete reaches their Maximum val 
the same time. Ue at 

(tv) The moment of the resistance is equal to its limiting value M tim and can be calculated a, 

Miim = 0.86 f., —umax t - O42 ymax —u max Joa 

ti c ad cl 
or 
().42 
Mutim = 0.87, A, d t - Saunas | 


Case I] : Underreinforced Section e < “snes | 


In this case, the steel fails first by reaching its yie 


ultimate strain has not reached. Steel is d 
failure, hence the underreinforced sections 
the percentage of steel is less th 


In an under reinforced secti 


Id strain value, although j 
uctile material and it fives suffi 
are preferred by designers, 
an its maximum or limiting value. 
on : 


client Warning before 
In underreinforced Section 


(t) The strain in Steel reaches its yield value first i.e. E ~ + 0.002 but at that time the 
strain in concrete in less than 0.0035. 7 





aaa x «max * -  « ae 
(n) as q '-- depth of neutral axis js less than the limiting 
(ui) P<P, ie the percentage of steel is less than the maximum or limiting value of Percentage 
of stee] required for balanced section. Hence the under reinforced sections are economincal, 
(tv) The section fails in a ductile manner. 
(uv) 





value. 


The moment of resistor is calculated as follows - 





| 0.42 x, 
M = 0.87 f, A, a(t - 7 
The 


strain diagram for a under reinforced section is shown in Fig. 5.9 (c). 





; x a. 
Case III: Over-reinforced Section & > a a 
The over-reinforced section is that in which strain in concrete reaches its ultimate value 
earlier than the steel. This means that over-reinforced beam fails by crushing failure menses 
Concrete being brittle, fails suddenly without warning. Therefore code IS 456:2000 recommen 
that over-reinforced sections should be redesigned. 
For over-reinforced section : 


. : = 4 train i lat 
(:) Strain in concrete reaches its ultimate value Le. 0.0035 first and the strain in stee 


¥ 


~=+ 0.002, 





0.87 
that time is less than E 
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A A yy man ; — 
(it) ra mre Le. depth of neutral axis is greater than its limiting or maximum value. 


(int) P > Pum the percentage of steel is greater than that in the balanced section. Thus, this 
section 1s uneconominceal, 


(iv) Failure is sudden, without warning. 
(v) The moment of resistance of over-reinforced section is calculated as follows : 


By putting 2, =2y max 





M cin = | 0.06 fy. ne 1 (0.42. = Joa 


The strain diagram for over-reinforced section is shown in Fig. 5.9 (d). 
5. 6. FINDING MOMENT OF RESISTANCE OF SINGLY REINFORCED BEAM 


The moment of resistance of a singly reinforced beam can be obtained as follows 
(IS 456 : 2000, Annex G) : 
1, For the given grades of concrete and steel (f,, and f, known), find the depth of neutral axis 
of the given section : 
2 0.87 f,A,, 
d ~ 036f., bd 


0.87 f, .A,, 
or x, = 038f, 5 (A,, is given) 
9 Find limiting value of neutral axis i.c. x,, ,,,,, by the following expression or refer Table 5.2 | 
(page 70 of [S 456) | 
Xumax _ 0.0035 | 
. we sf + 0.0055 


3, Comparex, and X, mar 


x x | | . — 
(i) If + < I the beam is under reinforced and moment of resistance is calculated 


by the following equation : 





_ OA2x,, 
M, = 0.87f, Ag a{1- : 
Ga) ir =. 4 = =e the heam is designed as balanced section and moment of resistance of 
the section is given by following expression : 
| 0.42 x 
M.,. = 0.36 f., = i, max Somes (4 hd Joa’ 
(iii) If = > =umes -, the moment of the resistance of the section is equal to M, ,,,,, but the code 


recommends that the section is to be redesigned as it is a case of over reinforced section. 


LEP sees inane LoPP fee 
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ees SOLVED EXAMPLES Ee, 





Examples on determining the depth of Neutral Axis 


Example 5.1. a 
Determine the depth of neutral axis of a beam 250 mm x 400 mm, reinforced With 
3 bars of 20 mm diameter. Also check for the type of section. Use M 20 concrete ang 
Fe 415 steel. 


Solution. Given. f£, = 20 N/mm” [For M20 concrete] 
f. = 415 N/mm? [For Fe 415 stee]] 


5 = 250mm 
d = 400 mm 
A, = 3 x = x 20° = 942.5 mm? 


# Depth of neutral axis (x,) 
O.87f, A,, 
«(0.36 f., bd 


a. 
| 


0.87 « 415 x 942.5 
0.36 » 20 « 250 « 400 


| 


= 0.4725 





d 
x, = 189 mm 
# Limiting value of neutral axis depth (x, __.) 


x 


a = 0.48 [From Table 5.2] 
XL may = 0.45 x 400 = 192 mm 
v. < x, rur 


The beam is under-reinforced. 


Examples on moment of resistance of singly reinforced beam 


Example 5.2. 

7 . ; — rr 
Determine the moment of resistance of a beam of dimension 250 mm x 850 mm. The 
area of steel consists of 3 bars of 12 mm diameter placed at a di ‘he 

| ed distance of - r 
bottom of beam. Use M 20 and Fe 415 steel. of 40 mm from 


Solution. Given 6 = 250 mm 
d = 350-40 = 310 mm 


A, = dx : «12° = 339 mm? 
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f, = 20 N/mm? [For M 20 concrete] 


f, = 415 N/mm? [For Fe 415 steel] 
gs Depth of neutral axis (x) 


S7 





“a, we 0.87 f, Ans 0.87 x 415 x 339 
"  O36/,6b ~ 0.36x 20x 250 
x, = 68 mm 
@ X,, max (Limiting depth of neutral axis) 
~umax = 0.48d [From Table 5.2] 
= 0.48 x 310 = 148.8 mm > 68 mm 


MX, max > Xy, hence it is an under-reinforced section. 
ms Moment of resistance (M_) 


M, = 0.87, A, (d-0.42x,) 


ry “st 
0.87 x 415 x 339 (310 — 0.42 x 68) 
34447116.16 Nmm 
M,, = 34.44 kN mm. 


Determine the moment of resistance of the beam having dimensiun as 300 x 550 mm 
(effective). The beam is reinforced with 1963 mm? of steel in the tension zone. Use M20 
concrete and Fe 415 steel. Also comment on the design of beam. [BTU, Delhi 2008) 


Solution. Given, 6 = 300 mm d= 550 mm 
A, = 1963 mm? f,=415 mm? 
i = 20 N/mm" 


= Depth of neutral axis (x,) 


ti 


0.87f, Ay  0.87x 415x 1963 
*u =~ “0.36 fy, ~ 0.36% 20% 350 
, = 326.3 mm 
= Limiting depth of neutral axis, x, 
X max = 0.48d [From Table 5.2] 
= ().48 x 550 
X, max = 293.9 mM <x, 


20 <i, 


tt FFMELE 


mt 
iI 


Hence the section is over reinforced and the moment of resistance of such section is equal to 
M, lim* 
= Moment of resistance (M,) 
X, = Xy max = 263.59 mm 


M, = 0.36 f,,. 6%, max (@-0.42 x, .,,) 


i ay 
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= 0.96 x 20 x 300 x 263.5 (550 — 0.42 x 263.5) | 

250.47 x 10° Nmm : 

M, = 250.47 kNm | 

= Comment : The beam ’ over reinforced and hence it should be redesigned because the 
failure of such beams is sudden and without warning, 


I 


Example 5.4. ___ : | | ; 
Solve the above example. If steel used is Fe 250, 
Solution. Given. f, = 250 N/mm* 
#® Depth of neutral axis (x) 
0.87 f, A,, 
«~ 0.356f, 5 
0.87 x 250 x 1963 | 
“0.36 x 20 x 300 
, = 196.6 mm 
# Limiting depth of neutral axis ea sacl 
Xymox = 0.53 d 
= 0.53 x 550 


= 291.5 mm : 


[For Fe 250 steel) 


=~ 
il 


[From Table 5.2] 


Bo x_<x, __.. hence the section is under-reinforced. 
B® Moment of resistance (M_) 


M. 


0.87 f, A. (d - 0.42 x.) 

= 0.87 x 250 x 1963 (550 —0.42 » 196.6) 
199.6 x 10° Nmm 

199.6 kNm 


ll 


M, 





Example 5.5, 


A reinforced concrete slab 150 mm thick is reinforced with 10 mm 6 bars @ 180 mm c/c, 
The reinforcement is located at an effective depth of 125 mm from top. Calculate the 
moment of resistance of the section. Use M 20 concrete and Fe 415 steel, 





Solution. Given, D = 150 mm, d= 125 mm 


fy = 20 N/imm* f, = 415 N/mm 
# A,, calculation 


Area ofone bar = » 10° = 78.5 mm-" 


ote | 4 


1000 x 78.5 — 
t~ —T59 (Considering 1 m width of slab] 
436.1 mm? 


A 


tl 


80 


__ Lm State of Cos, 
= A State of Collapse :Flexure and Shea 


—y Depth of neutral axis (x) 





O87 / 

. wel fy Ay _ 9.87% 415 x 436.1 
ONG fb O46 x 20 x L000 

“= 2L86 mm, 


a Limiting depth of neutral axis 
V = ‘ 
‘ man O48 of [From Table 5.2] 
Xi hin 0.48 x 124 - GO nim 
a vy Sy mar hence the slab Is under-reinforeed 
M, 0.87 r A,, (cf ~(),4v x.) | 
neil: x 415 x 436.1 (125 — 0.42 x 21.86) = 18236122.33 Nmm 
M,, = 18.23 kNm. 


i 


" 








example 5.6. a e—sCsi‘(i 
An R.C.C. realty 200 mm x 400 mm (effective), is reinforced with 3-16 mm diameter 
pars of Fe 415 steel. Find the ultimate uniformly distributed load which the beam can 


carry safely over a span of 5 m, Take M 20 concrete, [BTU Punjab 2008) 
Solution. Given, 6 = 200mm, d=400 mm 
1, = 3x7 x16" = 603.19 mm? 
AL = ws 4 * } = 603.19 mm 
fi, = 20 N/mm" [For M20 concrete] 
a = 415 N/mm" [For Fe 415 concrete] 
L= 5m 


# Depth of neutral axis (x, ) 
0.87 /,-Ay 0.87 x 415 x 603.19 


x, = 151.2mm 
B Limiting depth of neutral axis (x, ,,,. 
x = 048d = 0.48 x 400 (From Table 5.2] 


id FRY 
= 192 mm 


By >x, hence the section is under-reinforced., 


= Moment of resistance (M,) 
M, = 0.87/,.A,,(d-0.42 x,) 
0.87 x 415 x 609.19 (400 - 0.42 x 151.2) 
M, = 73.25 x 10° Nmm 
M, = 73.28 kNm 


il 


= Ultimate load (w,) 
Equating maximum factored bending moment and the ultimate moment of resistance. 


8 1 
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lt, x |? 
8 
M= M, 


Max. moment, M = 


we 2 
ty, xi “ 
—te # 73,28 
w, = 23.45 kKN/m 


Example 5.7. 





A rectangular beam is 20 em wide and 40 cm deep upto the centre of reinforce 


a : } : ae 4 ceed Ment, 
Find the area of reinforcement required if it has to resist a moment 


M20 concrete mix and Fe 416 steel, 
Solution. Given, 6 = 20cm = 200 mm 
d = 40 em = 400 mm 
M = 25 kNm = 25 x 10°Nmm 
fa = 20 N/mm* [For M20 concrete] 
f, = 415 Nimm? For Fe 415 concrete} 
2 Factored bending moment 
= 7x BM 
. | 6 
= 15x 25x 10 ly = Load factor = 1.4) 
= 37.5 x 10° Nmm 
i Factored BM = Moment of resistance 
(9 fy-Aa 
M = USTF Aid| ]—-— 
M, = fAcal| faba 








, | 415A | 
= 0.87x415x A. x 400/ 1— at 
M, JAS af ( "0 “ 200 ' 00 | 


. 415A. 
37.6x«19% = O87*%415~x 400 x A t= st 
icaciiae ane ( 20 x 200 x a 


A. (400 - 0.10375 A.,) = 103863.73 


Aq — 3855.44, +1001096.192 = 0 





A, - 3855.4 + J(3855.4)* - 4 x 1001096192 


Po 


A,, = 280 mm" 
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g Depth of neutral axis 
0.87 f, .A,, 
_ 0.87 415 x 289 
0.36 x 20 x 200 
x, = 70.2 mm 


a Limiting depth of neutral axis —_— 
~ymax = 0.48 d = 0.48 x 400 
Xumax = 192 mm > x 
BX, max >,» hence the section is under reinforced and design is O.K. 
Example 5.8. 


Analyse a rectangular beam 300 mm width and 500 mm effective depth to determine 
the ultimate moment of resistance for the tension reinforcement of 4-16 mm diameter 
bars consider M20 concrete and Fe 415 steel, [BTE Delhi Dec. 2009] 


Solution. Given b= 300mm 


d = 500mm 


A 


4x 7x16" = 804 mm° 


sl 
M20 concrete 
Fe415 steel 


® Depth of Neutral axis (x ) 


O.87f,A,  0.87x 415 x 804 


x, = 134.4mm 
Vion = OA [For M20 concrete and Fe 415 steel] 
= 0.48 x 500 
Xn max = 240 mm 
ae | 


Hence it is an under-reinforced section. 


H Ultimate Moment of Resistance (Mu) 


M,, = 0.87f,A,,(d-0.42x,) 
= 0,87 x 415 x 804(500 — 0.42 x 194.4) 
Mu = 128.75 kNm 
i i iddndebdabidtouawd TOTPrE Tien ie, Pirrrad FeO. 
HAH I Es Nenu mmm TPP ree ee eee eee AANA E EG ddd ab ded be fiddaae bid Randa dds 
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LIMIT STATE OF COLLAPSE : SHEAR AND BOND 





5.7. INTRODUCTION 
eS, 
A boum loaded with Gransverse loads is subjected ta shenr farce and bending Moment 
shear forse at anv section is equal de Che rate of change of bending moment. The shear f : 
: 4 . 7 i i : ‘ 5 i * J , 
msults inte shear stresses across (he cross-section, As per the clastic theory of bending the nn 
Stress distributions across (he cross-section is given ln the follow Ing Cquationg, he 
Vid 
ae 7” 
wher, qo© Sheor stress 
To © Moment of inertia of the beam section 
boc Width ofsectian 
Vos Shear foree at the section 


(A) 


On the basis of above mquation the shear stress distribution across y rectangy] 
1 gu TT 2 ai i = ry 1 
is shown in Fig, 5.100), Lt is parabohe with zero at top and bottom and the 


Hirst moment of the area above the section about neutral ax 
, AXIS 


A 


AP CrOSs-Section 
ss maximum Shear 


Stress, oecurs at neutral axis is equal to he” 
alt] 







a 





sre 
q, Thin as xh a 


2 





ta) Seer, 
al Section (0) Shear stress distribution 





Fig. 5, lL She ‘ li i 
if. O10, Shear stress distribution in rectangular section. 





5.8. SHEAR STRESSES IN R.C.C, BEAMS 


9.8.1, St 
‘G.I. Stres , , 
x a Based Approach (Elastic Theory) 
UOC. is aco : | 
2 ES 4 Mpositle materinle « ; 
complex. [tis shown in Fig gore. the exact shear distribution as nor slastie'thaces? 
compression zone with ai ib W the hatched portion of the ane a 18 ps 
is constant in ihe taiaalaea wr dens MENIMUIM at the neutral axis The Sale ic in the 
: Py : a? i what, a ‘ ne ef 
below: the neutral axys tensil TMOIS qual ty tlhe THUS ETL shear stre ssilgdh ds h a hee 
i. " & i? hy . a | - | a : be is (a*: =i gf . / 
of shear sivnka tetas t fone Vis USstuimed tole Cracked | ! r dust the concrete, 
wee ras per clastic theory is kiven | Vand neglected. The maximum value 
"i Ly he iV | 
\ 
bid 


— 
— 
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: V = Shear force at the section 


where 
h andd = Dimensions of the section, 
j = Lever arm depth factor, 


5 8.2- 1S Code Approach 


"1c \ OU { 
As per IS code 456 : 2000 the stress based approach does not represent the true behaviour 0 


F 


implified 
* : « or = . ' i Ta 
the R.C.C. beam in shear. Hence, the equation for shear stress i.e. q = bid has been sim] 


a * * ; + 7 i ‘ s ear 
de recommends the use of nominal shear stress (t,) for R.C.C, beams. The nominal sh 


S co i 7. * ii Py ye P : ag a \ a ty 
on (r,) or average shear stress distribution is shown in Fig, 5.1 10) and is given by 
stres> ‘hv 

VY 
T = —~ 
v "bd 


- Elastic 
lheory 





(b) 


Fig. 5.11. Shear stress distribution in RCC beam. 


5.9, EFFECTS OF SHEAR : DIAGONAL TENSION 
0 


Consider a beam AB subjected to transverse loads as shown in Fig. 5.12 (a), The maximum 
bending moment in this beam will be at midspan and the maximum shear force, at the supports. 
The beam is subjected to bending and shear stresses across the cross-section, Let us consider a 
emall element (1) from the tensile zone of the beam, It is subjected to hending tensile stress (o) as 
well as shear stress (t) as shown in Fig. 5.12 (b). At the midspan, the bending moment is maximum 
and the shear force is zero. So the element 2 is subjected to maximum bending tensile stress only. 
This tensile stress tries to pull apart the section as shown in Fig, 5.12 (ce) and the crack developed 
is vertical. 

At the support, the bending moment is zero and the shear force is maximum. Thus the 
element 3 is subjected to maximum shear stress and no bending stresses as shown in Fig, 5.12(d). 
Due to this stress condition the diagonal tk of the element is subjected to tensile stresses as shown 
in Fig. 5.12(e). As the concrete is very weak in tension it splits along the diagonal (at 40°) and 
develops crack as shown. 

This tension which is caused tn the tensile zone of the beam, due to shear, at or near the 
supports is called as diagonal tension. The diagonal tension results in cracks at 45°, Concrete is 
quiet strong in shear but the diagonal tension which is caused by shear, cannot be resisted by 
concrete alone. So shear reinforcement is provided in the R.C.C, beams to take up diagonal tension 
and prevent cracking of beam. 
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= SSS eee < 
=——_ = 








Max BM, 
arse 


2 | 


1. bending alreas 
al lhe secon 
T- shear alrass 













() a! he section 
hays Maxim 
bending 
slross 
le) Omar = aad 
—~ Vertical 
crack 
~\ 
‘ ' | 
\ 
| \ Dingonal 
ld} 7 T ina = ie) crack 
3 Tina . , (at as) 
: ~_ \ 
i = ——» ae, i’ 
maa Chveacpearvaal * : 
Element 3 Tonsion ~. Tonatte 
| alroun 
Fig. 6.12. Effeets of shear, 
The crack pattern for a simply supported beam i shown i Pip. f1, 
Diagonal 


linislon Crack 


L.. Flomure shear crack 
Flemure crick 


Fig. 6.13. Crack pattern in simply supported beam. 


I. Ator near the midspan, the cracks will be vertical (flexure cracks due to bending alone), 
0 


Ator newr the supports the cracks are inclined at 45° (shear or diigonal tension cracks). 
a. 


In between the BUpports and mit ANU the cracks inclination vary from: A° to SK? gradually 
(Nexure-#hear cracks), 
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HEAR REINFORCEMENT _ 






40. TYPES OF 5 


The following three types of shear reinforcement are used: 
1. Vertical stirrups. 

9, Bent up bars alongwith stirrups. 

3. Inclined stirrups. 


6 


5.10.1. Vertical Stirrups 


These are the steel bars vertically placed around the tensile reinforcement at suitable spacing 
along the length of the beam. Their diameter varies from 6 mm to 16 mm. The free ends of the 
stirrups are anchored in the compression zone of the beam to the anchor bars (hanger bar) or the 

mpressive reinforcement. Depending upon the magnitude of the shear force to be resisted the 
vertical stirrups may be one legged, two legged, four legged and so on as shown in Fig. 5. 14. It 1s 
desirable to use closely spaced stirrups for better prevention of the diagonal cracks. The spacing of 
stirrups near the supports is less as compared to spacing near the midspan since shear force 15 


maximum at the supports. 





Single Legged Stirrup Two Legged Stirrup 








Four Legged Stirrup Six Legged Stirrup 


Fig. 5.14. Vertical stirrups 


5 10.2. Bent up Bars alongwith Vertical Stirrups 


Some of the longitudinal bars 
ina beam can be bent up near the 
supports where they are not 
required to resist bending moment 
(Bending Moment is very less near 
the supports). These bent up bars 
resist diagonal tension, Equal 
number of bars are to be bent on 
both sides to maintain symmetry. 
The bars can be bent up at more y 
than one point uniformally along Fig. 5.14. Bent up bars alongwith stirrups. 
the length of the beam. These bars 


Verbtecal stirrups 


S, is spacing of 
stirrups 





- Bent up bar 
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are usually bent at 45° as shown in Fig. 5.15. This system is used for heavier shear forces 

total shear resistance of the beam is calculated by adding the contribution of bent up bars “ . 

vertical stirrups. The contribution of bent up bars is not greater than half of the total he 
ar 


reinforcement. 





5.10.3. Inclined Stirrups 
Inclined stirrups are also provided generally at 45° for resisting diagonal tension as shown; 
Fig. 5.16. They are provided throughout the length of the beam. a 






Inclined 


eS oe 
stirrups 






Fig. 5.16. Inclined stirrups, 


5.11. SHEAR STRENGTH OF REINFORCED CONCRETE BEAM 


Conerete is good in shear, so its shear strength is to be considered in the design of R.C.C, 
beam. The shear resistance of a reinforced concrete beam depends upon the following : 

l. Grade ofConcrete: The shear resistance of concrete increases with the increase in the 
gerade of concrete. Higher the grade, higher is the shear strength. 

2. Percentage of Tensile Reinforcement : The shear strength of a reinforced concrete 
beam increases with the percentage of tensile reinforcement (A,,). 

Based upon the grade of concrete and the percentage of tensile reinforcement IS cade 456: 

2000 gives values of permissible shear stress in concrete in beams without shear reinforcements. 


5.12. IS CODE RECOMMENDATIONS FOR SHEAR DESIGN (CLAUSE 40, IS 456) 





1. Nominal Shear Stress 





IS Code recommends the use of nominal shear stress t,, for R.C.C, beams, The nominal shear 
stress in beams or slabs of uniform depth is calculated as 
t, = vu 
where V | - ) 
’_ = shear force duc to design loads. 
6 = breadth of beam (for flanged beam, breadth of web) 


i 


d = effective depth. 


Se 
“san Shear Strength of Concrete 


it) Tye : 
Pendin F . eq 
8 upon the grade of concrete and the percentage of tensile steel, the design shear 


in CONCTeLe | : maven el | | ir - oe : : i rs 
9of1S 456). tJ in beams without shear reinforcement is given in Table 5.5 
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0.99 


A is the area of reinforcement which continues, atleast one effective depth bevond the section under 


Vote : 
consideration. At support, full area of tensian steel mav be used 


(i) Solid Slabs : ey shear strength of solid slabs is equal to KX. t, where the value of A is 
given in Table 5.6 


TABLE 5.6. Value of k for Solid Slabs. 


(Overall depth 
of slab in mm 





ia) Maxum Shear Stress (1,1): If the shear strength of the concrete beam is less 
than the nominal shear stress (t,) due to the loads coming on the beam, then shear 
reinforcement is to be provided. The nominal shear stress in the beams with shear 
reinforcement shall not exceed maximum shear stress (t_,) given in Table 5.7. [fnominal 


shear stress is greater than the maximum shear stress (t > tacaeal then the section ts to 
be redesigned. ; 





d, Minimum Shear Reinforcement (Cl. 26.5.1.6 of IS 456) 


When the nominal shear stress tts less than the design shear stre ngth (t lor shear stre neth 

Con 

frete, then no shear elistomes ment is to be designed, But in such cases minimum shear 
“fement is to be provided in the form of stirrups such as 


An 0.4 
b.s,, =~ 0.87 fy 





/ Fr if At Fel Pl Mel / ny Lie ind ay Le i nies if fier td | PEA T REP A ei ee hadi Bia 
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Total cross-sectional area of stirrp legs effective in shear. 





where A, * 
&, = Spacing of stirrups along the length of the member. 
b = Breadthofthe beam or breadth of web of the flanged beam. 
f, =C haracteristic compressive strength of the stirrup reinforcement 


‘nn N/mm* which shall not be greater than 4 15 N/mm’. 


r a > . : 1 
However in members of minor importance, such as lintels or where Tt, < 5 


need not be complied with. 
4. Maximum Spacing of Stirrups (refer Cl. 26.5.1.5 of 1S456) 


The maximum spacing of vertical stirrups shall not exceed 
less. In the case of inclined stirrups at 45°, the maximum spacing 


d or 300 mm whichever in less. 
5. Design of Shear Reinforcement 
When Tt, excceds T,. Shear ret nforcem 
forms : 
({) Vertical stirrups. 
Gi) Bent up bars along with stirrups. 


Shear reinforce 


ent 1s to be designed and can 


ment 1s provided to carry 4 shear force equal to V,, 


Vi, = Van t, bd 


Vv shear force due to design loads 


t, bed 


where 
shear resistance of the concrete section 


(i) Vertical Stirrups : The spacing of the vertical stirrups is given : 


O.87f, Aw 4 
oo See 


V 


T, this PrOVisinn, 


0.75d or 300 mm which ever in 
should not be greater than to 


be provided in the following 


tie = 5. 
where f. = characteristic strength of stirrups which shall not be greater than 415 
| * N/mm 
A. = total cross-sectional area of stirrups legs. 
si 
S = spacing of stirrups along the length of the member. 
d = effective depth. 
| | ‘aad thei ntribution towards shear 
- nent tin Bars: W bent up bars are provided their contr aj 
ee tb ee wait of the total shear reinforcement. It means (hat thei! 


resistance chould not be more 


¥ 
contribution should not be more than “— 
cross-section) is calcul 


Shear force taken by bent UP bars (at the same 


Vi, = 087f, Aw sin 
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ated as follows : 





| 
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V 


— a 
“ee 
abett 


area of bent up bars 


= 
il 


angle between the bent up bars and the member axis, u > 45°. 


= 
it 


(i) Combined System : In this system, first the contribution of bent up bars (V,,) 13 
aputed Then vertical stirrups are designed for remaining shear force i.e. V,, - V,. 
pomp : 


5 critical Section for Shear Design 


The critical section for shear is that section at which the shear force is maximum. The 
critical sections for shear design are taken as per Cl 22.6 of IS 456 : 2000. 
543. STEPS FOR DESIGN OF SHEAR REINFORCEMENT 


Given. Gey > Z, 
1. Loads 
2 Spanofbeam mye Se 


3. Material—Concrete grade and type of stee! 
4 Areaoftensile steel (A, ,! 


ia) Calculate shear force (V_ | at the critical section of the beam due to the given loads. 


ib) Determine nominal shear stress (¢,.1. 


at 


7 -100.A,. } 
ic) Depending on the grade of concrete and percentage of steel ee find out shear 
strength of concrete it_) from the Table 5.5 
id) Compare t, and t, _., if t, >t, _, redesign the section. t, __, values are given in Table 5.7. 
‘ei Compare t, and <.. 
(i) If t, <t,: Nominal shear reinforcement is to be provided in the form of vertical 
sturrups. The spacing of vertical stirrups is given as 


A, 0.4 


i 


bS. = O87f, 


wi Tft. > t.: Shear reinforcement is to be designed as follows - 





® Calculate V_, 
a ~- Ve = t. bul 
If vertical st irups are provided then their spacing is governed by the fi ollowing equation : 


y _ O8if, -A, -d 


Ps S 
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@ If bent up bars are also used then first of all compute the shear force taken ty ps 
r ‘ “Tit yy 
a Fe Be Fal , all 
bars as V’, and V., > —— 


Vi,= O87f, A,. .£in @ 


@ For the balance shear force (V_, - V",), design the vertical stirrup: 

5. The spacing of sturrup= should not exceed 0.75 d or 209 mm which ever is leas [yap 
also not be less than the spacing of stirrups 25 required by nominal shear reinforceme. 
critena. 7 

G. The spacing of stirrups can be varied along the length of the team by calculating 4 
distance from the supports up to whicn shear reinforcement is te be designed and Sani 
of the length minimum shear reinforcement may provided. - 


ous §=6SOLVED EXAMPLES ae 





Example 5.9. 
An R.C.C. beam 300 mm * 
it is subjected to a design 
concrete Fe 415 steeL 


600 mm in section is reinforced with +25 mm © bars (effectine. 
chear force of 200 kN. Comment on its shear design. Use Mx 


Solution. Given, h = 300 mm, d = 609 mm 
Vo = 200 KN = 200 10° 


A, = 542725 = 2404.3 mm 
= 


(For 1120 concrete} 


| (For Fe 415 steel 


f, = 415 N/mm" 
g Nominal shear stress (t,) 
V, 200% 10° 
tT = Bd 300 600 
< - 1.11 N/mm" : 
= 2.5 N/mm [For M20 concrete, Table 5.4) 
t. < Tne hence O.K. 
gw Design shear strength of concrete (tJ 
100A, 100724544 
Percentage of steel, Pay * 300 7 600 


Ms en 
P, = 1.35 < —_ weit i 
acr 
For M20 concrete and #, = 1.36% 
0.72 - 0.67 | (446-125) 
T, = sny + 75-125 - \ L365 L25 


T 0.69 N/mm" 


Lm 
= @ <,<t,,hence shear design is required. 
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, wample SS ee 


cc, beam 200 mm x 400 mm effective carries a uniformity distrib 


wm ver q clear span of 6 m. The beam is reinforced with 1% steel on tension side 


. ment on the shear design of the beam. Use M20 concrete and load factor = 1-5. 
ytion. Given : b = 200 mm, d= 400 mm 
sou w= 70kNim, L=-6m 
P, = 1%, r= 18 


g Factored shear force (V',) 
Factored load = w x r= 70 « 1.5 Iry= 1.5, Table 4.1) 
w, = 105 KN/m = 105000 N/m 


w,,.L 105000 x 6 


Yu= 9 9 
V. = 315000N 


s Nominal shear stress (t,) 


< bd 200 « 400 

t = 3.93 N/mm 
Tomax = 2.5 Nimm° (For M20 concrete, Table 5.7] 
a T > _—_— 


Hence the section is to be redesigned te. its dimensions are to be revised, 


gremple 5.17, 
A simply supported R.C.C. beam 250 mm wide and 450 mm deep (effective) is reinforced 
with a 4-18 mm diameter bars. Design the shear reinforcement if M py vaages of i 
and Fe 415 steel is used and beam is subjected to a shear force of 100 at service 
and Fe 415 stee ee ae 


state. 
Solution. Given : b = 250 mm, d=450m 
A, = 4x2 x18? = 1018 mm* 


V= 150kKN 
§ Factored shear force (V,,) 


Vo= Lax 1450 {Load factor = 1.5 from Table 4.1] 
Vo = 225 KN = 225000 N 


® Nominal shear stress (t,) 


Vi, 228000 


= hd 250 x 450 
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2.0 N/mm* 


_ 
ll 


gig qa foe MOO tines 
2.8 N/mm [For M20 rOneTeLe, Tables, 
4 


hence OK. 


ri 
ll 


tT, = T. maxt 


= Design shear strength of concrete (t.) 
100.A,, _100x 1018 

P= td 250x450 
P, = 0.9% 
For P, = 0.97% and M20 concrete from Table 5.5 

0.62 — 0.56 
eee ae Oe) 

0.56 + 7 09-0.75 * 


i) 


T 


i 


t. = 0.596 N/mm" 
tc > t. hence shear reinforcement 1s to be provided. 
i’ c* 


= Design of shear reinforcement 
Shear taken by stirrups = V,,, 
V., = V,-1, 4d ; 
995000 — 0.596 = 950 =x 450 


157950 N 


il 


Vv 


ie 


using 8 mm 6 2 legged stirrups, 
ax =x 8? =100.5 mm* 
A,, 2x 4 x6 


i 


O87 f, Ag 
Spacing of stirrups, S, = — 
0.87 x 415 x 100.0 x 450 
a6 157950 
S,, 103 mm 


Spacing of nominal shear reinforcement 
0.87f,.A,, 0.87 x 415 x 100.9 


ll 


5S. = 046 7 0.4 x 250 
5, = 362 mm. 
oar mum of the following : 


The spacing of stirrups should be mini 
(i) 0.75 d = 0.75 x 450 = 337 mm 


(a4) 300 mm 
fi) 103 mm 


(0) 362 mm 


| t he beam. 
® Provide 2 legged 8 mm 6 stirrups @ 100 mm c/c throughout the length of the 





2 
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2¢.C. beam 250 mm x 400 mm effective is carrying a uniformly mae load of 
as | The beam is reinforced with 4 bars of 22 mm diameter. The clear span of the 


me is 4 m. Design the shear reinforcement. Use M 20 concrete and plain mild steel 
peam it 
rs. 
ion Given ; 6b = 250 mm, d =400 mm 
30 w = 15 kN/m, Fk 
f, = 20 N/mm" f, = 250 N/mm? 


Ay 4% x 22* = 1520.5 mm” 
g Factored shear stress (V_) 


Factored load = w «x Load factor 


= 151.5 (Load factor = 1.5 from Table 4.1] 
| Ww, L 
Factored shear force, V_= = 
22500 » 4 
, = ——— = 45000 N 


a Nominal shear stress (t,) 


V _ _45000_ 
% = bd 250400 


tT, = 0.45 Nimm* 
t._., = 2.6 N/mm* [For M20 concrete, Table 5.7] 
rma 

Tt. < T, ma, Hence OK. 


g Design shear strength of concrete 


100.A,, 100% 1520.5 _ 
hd 250x400 — 


For P, = 1.5% and M20 concrete, Table 5.5 
= 0.72 Nimm* 
B +, <t, hence, no shear : caleceaaiie is required. But IS code recommends that nominal 
shear reinforcement must be provided. 
& Nominal shear reinforcement 
Using 8 mm 6 2 legged stirrups 


A = 2* x 8? = 100.5 mm” 


Af 


—0.8Tf, Ay _ 0.87 x 250 x 100.5 
Spacing of stirrups, S, = ~~ O40 Es a 4 x 950 


2168 mm say 210 mm 


S 
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@ Check for spacing of shear reinforcement 
The spacing of stirrups should be least of following : 
(i) 0 75d = 0.75 x 400 = 300 mm 
(2) 400 mm 


(a) S = 210mm, 
Therefore, provide § mm 6 2 legged stirrups @ 210mm ce/c throughout the length Of the bean 








Example 5.13. 0 eas. 
A simply supported beam 300 mm x 600 mm (effective) is reinforced with 5 bars of 2 


mm diameter. It carries a uniformly distributed load of 80 KN/m (including jts ,. 


over an effective span of G m. Out of the 5 main bars, two bars can be bepp, 


weight) 
for the beam. Use M29 Brads 


safely near the supports. Design the shear reinforcement 
of concrete and Fe 415 steel. 
Solution. Given : h = 300 mm, d = 600mm 
zw = BOkKN/m 
f, = 20 Némm* 
f, = 415 N/mm’ 
Goo = 6000 mm 


it 


lan 


= Factored shear force (V,,) | 
Clear span, L = 6000 - 400 = 4600 mm = 5.6m |Assuming 400 mm bearing] 


Factored or design Joads, 


w = w»* Load factor |Load factor = 1.5, Table 4.}] 


w = 120 kKN/m = 120000 N/m 
wb 120000 « 5.6 
V= 336000 N 


= Nominal shear stress (t,) 
V, — 336000 


% = bd 800 600 


- 1.86 N/mm 
2.5 Némm* 
t<T hence OLB. 


f roms 


i 
i) 


[For M20 concrete, Table 5.7) 


il) 


= Design of shear strength of concrete | | 
Area of steel available near supports ia Shares of 25 mm chameter 


A, = 3* r x 25° = 1472.6 mm 


af 


100A,, 100 «1472.6 _ O.82t% 


oN “on 
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For 4120 conerete and P, = 0.825 


t= O5¢. '62- 0.56 
0.56 + 100-075 “(0.82 - 0.76) [from Table 5,5] 
¢ = 0.58 Nimm? 
tT > thence 
Shear resistance of concrete = t,he, 


“4 
f 


shear rein forcement in to be designed, 
shear taken by shear reinforcement 

Via = Vi-tbd 
J36000 - 0.58 » JO00 x 600 = 231600 N 


i} 


—>”»~—Ct«< :«C*WW LSS NN 
gs Bent up bars 


Shear resistance of two bent up bars = V’’ 
ere eli 


= 2(0.87/, .A. sin it) 


= 2{ 0.87 x 415 » » 25? x sin 45° | 


Vy, = 250641 N > 


oy, 
But Ya * = 


/ 
Vi. = —5>=115800N 


Balance shear force to be carried by vertical stirru ps is: 
V., = 231600 - 115800 
Vo= LLASUUN 


fie 


® Design of vertical shear stirrups 
Assuming 6 mm 6 2 legged stirrups 


A. = 2x ri ~ 8" =100.54 mm" 


0.87 f, .A,,, .c 
— 


Spacing of stirrups, S 


0.87 ~ 415 x LOU.54 « GOO 


= TRSOg =1]58 mm 





a 2 
il 


1S() mim (say) 


Spacing corresponding to nominal (minimum) shear reinforcement. 
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0.87 fy Ag, 
an 0.46 


0.87 x 415 100.5 
0.4 x 300 





= 302 mm 


w@ Maximum spacing 

The maximum spacing of stirrups shall be least of the following : 
(i) 0.75 d = 0.75 x 600 = 50 mm 

(a) 300 mm 

(wz) 180mm 

(i) 302mm 


- Provide 8 mm led stirrups @ 180 mm c/e 


336000 





Fig. 5.17. 


= ‘Zone for nominal shear reinforcement (see Fig. 5.17) 


Shear resistance of concrete = t,.bd = 0.58 x 300 x 600 = 104400 N 


336000 104400 


= [Similar triangles] 
2.5 x 


x = 0O.B7 mm 


+ Provide 8 mm 62 led stirrups @ 180 mm c/c up to a distance of (2.8 - 0.87) 1.93 m from the 
support and 8 mm 0 2 Iged stirrups @ 300 mm cc in the remaining middle portion. 


Example 5.14. 


Solve above example if only vertical stirrups are to be used as shear reinforcement 
and no bars are bent up. 
Solution. 

@ Design shear strength of concrete 

Area of steel available near supports 


- 45 bars of 25 mm dia. 


af 


AL = Bxox4? 
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= 9454.3 mm? 


100 A,, _ 100 « 2454.5 
bf = ~ 300% 600 
P, = 1.36% 


M20 concrete and P, = 1.36%, Table 5.6 





P, = 


For 
- O74 0.72 = 0.67 
. 1.50 - 1.295 


0.69 Némm* 


*(1.d6- 1.25) 


el 


“4 
i) 


| T. man hence O.K. 


g Design of vertical stirrups 
Shear resistance of concrete = t, bed 
0.69 x 300 = 600 
= 124200N 
« Shear to be taken by stirrups 
=V,, = 336000 -124200 
V 211800 N 


art 


Using 10 mm 6 2 Igd stirrups 


A, = 2x = «10° = 167.1 mm* 
aa Spacing as per nominal 
0.87/,.A,,.d oh ibe 
Spacing stirrups, 5, = — reinforcement 
a Ss 0.87/,A,, 
0.87 x 415 x 157.1 = 600 : 0.46 
~ 911800 0.87 x 415 x 157.1 
S = 160.6 mm (Say 150 mm) 0.4 x 300 
= 472mm 


The maximum spacing at supports should be least of the following: 
(i) 0.75 =450 mm 
(uy) 300mm 
(ui) 472mm 
(w) 150 mm 
8 Zone of nominal shears reinforcement (see Fig. 5.18) 
V = Thal = 0.69 » JOO » 600 = 124200 N 


336000 124200 oe : ) 
—— = —— [From similar triangular] 
28 r 
x = 1.035 m from centre of beam 
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‘3396000 N 


instead icra cial 
Fig. 5.18, 


’. Provide 10 mm 6 2 Jed stirrups @ 150 mm e/e upto a distance 


1.76 m from supports and 
10 mm 6 2 led @ 300 mm e/c in the remaining middle portion, 


5.14. BOND AND DEVELOPMENT LENGTH 


9.14.1. Bond 


The term bond refers to the adhesion between concrete and steel which resist the slipping of 
steel bar fram the concrete. It is this bond which is responsible for transfer to Stresses from gtep| 
to concrete and thereby providing: composite action of steel and concrete in K.C.C. The bond 
develops due to setting of concrete ond rying which results in gripping of the steel bars. | 


The bond resistance in reinforced concrete is obtained hy following mechanisms : 
1. Chemical adhesion: It is due to gum like property of the substances, formed after 
setting of concrete. 
2. Frictional resistance : [t is due to friction between steel and concrete. 
3. Gnpping action: It is due to gripping of steel by the concrete on drying. 
4. Mechanical Interlock: [tis provided by the corrugations or ribs present on the surface 
of the deformed bars, 
The bond is assumed to be perfect in the desi gn of reinforced concrete the bond between steel 
and concrete can be increased by the following methods : 
@ Using deformed or twisted bar. 
@ Using rich mix of concrete. 
@ Adequate compaction and curing of concrete for proper seLting. 
® Providing hooks at the end of the reinforcing bars. 


9.14.2. Development Length 


For understanding the concept of bond and 
development length, let us consider a stec! har embedded 
in concrete as shown in Mig. 5.19. The bar is subjected 
to a tensile force T. Due to this tensile foree, the steel 


bar will tend to come out and Flip out of the concrete 
This tende 
developed 


ney of slipping is resisted hy the bond stress 
over the surface of the bar. 





Hone 
the TOnLa 


t Feu Pro 


stress Tis Che she 
Cl surface between 
ULE ys Concrete 


ar stress developed along Fig. 5.19, 
the reinforcing: steel and 
which prevents the bar from 





slipping out of concrete. 


100 


oats 





roavoid slipping lS Tag ¥ ane x Ly 


T = 


(Surface area = 2nr x /d] 


= Fri n 
O.87f, x79? [~- i= O.B7/, Ay] 


= 
en 
=~1 
—" 
i | 
“> 
| | 

A 


, ‘ ) 
= bd ATX XL 


0.87f, mi 

ata 

is the embedded length of steer bar 

. characteristic strength of the bar 

t,; = design bond stress in limit state method 
¢ = Diameter of bar 


L., 


where 


L, is called as the development length. lt is the minimum length of bar which must be 
embedded 17 concrete beyond any section to develop its full strength. This is also called as 
anchorage length in case of axial tension or axial compression and development length in case of 
flexural tension or flexural compression. As per code 15456:2000, development length is given by : 

0.87 /. 
L, re mer 
AT 

The permissible bond stress t,,, depends upon the grade of concrete and type of steel. The 

yalues of permissible bond stress are given in the Table 5.8 (Clause 26.2.1.1 of IS 456). 


TABLE 5.8. Permissible Bond Stress for Plain Bars and Deformed Bars in Tension. 


Grade of conercete T,,; for plain bars t,; for deformed bars 
(N/mm*) (N/mm*) 


M20 


M25 
M30 
M35 
M40 and above 





Notes : 

i) For deformed bars t,,,; is 60% more than that of plain bars. 

(a) Itis easier to pull a bar than to push it inside. Therefore, permissible bond stress for plain 
and deformed bars in compression is taken as 25% more than that for the bars in tension. 

O87/, a O.A7f, .o 


‘. Development length in compression = ——>>—— = 
lopment length in compress 41.25, ) 5t,,, 


The development len eths for steel bars of different grades are given in Table 5.9. 
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TABLE 5.9. Development Length for Single Bar 





L, in tension (mm) 


‘e250 plain 
| bars 


Deformed bars 





Notes : 
1. 61s the diameter of the bar. 
2. Incase of bundled bars in contact, the development length 1s given by that for the individug) 
bars and increased as following: 
(f) 10% for two bars in contact. 
(ag) 20°F for three bars in contact. 


(az) 33°. for four bars in contact. 
5.15. ANCHORAGE FOR REINFORCEMENT BARS (CI. 26.2.2 of IS 456) 
ON ne ae Re 


The development length of bars can be provided in the form of straight bar if available otherwise 
it may be partially straight and partially hooked. The anchorage Is normally provided in the form 
of bends and hooks. 

5.15.1. Anchoring Bars In Tension 
(i) Hooks are provided normally in plain bars in tension. 
(i) Deformed bars may be used without end anchorage if the development length requirement 
is satisfied. 






, ain fr 7 40 | n= 2 for mild steel bars 
Q n = 2 for plain mild steel bars ee sal ap rope 
n= 4 for deformed bars n= 4 for datormed 
¥ —»| Q 
A 
! 





(n+ih 


ar 





—_— Bip | fp 
: | ‘Anchorage value = 8) 
(Anchorage value = 164) (Anchorag 


fa) (b) 


Fig. 5.20. 
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si The hooks should alwiayn canfirrn tay the. agcificn ties : oo 

| Pe CTiCa Lingy 
|) The anchorage value of a beeried mbiall bee toia 


it } | ring 4) = a a! a aati 
: 45° hen suhyect to a maxim um of 16 Lirnes eines Cerner ote har Sor ee 


thie: isarrieterr cif ; 
a. anchorage value ofa atarclared (' ) | os 


af bar. 
The anchorage value ofa standard Gy — 


| 
(ea! 4 in A timen thie elicerretay (Fig. 6.20761). 


415.2. Anchoring Bare tn Compression 


ee anchorage length of bar in compreasien ja ees : 
The an [ fends equal to the development length of bara in 


ont pasion. The compression bara re Quire ne apecial are harage- arrarigfernieti te 


5 15.3. Anchoring Shear Helnforcement 
ig) Stirrup: As per [S456, the development and anchorage length deemed te have provided 


in the suirrupts wher 
() The stirrup bar ts bent through an angle of atleast 90° arcund a bar of atleast ite ven 
diameter and is continued beyond the curve for a length of atleast eight times the bar 


diameter. 





Or 
When the bar is bent th rough an angle of 135° and ix continued beyond the curve for a 
length of at least six times the bar diameter. 
ig) When the bar is bent through an angle af 180° and is continued beyond the curve for a 
length of atleast four times the bar diameter. 


(6) Bent Up Bara: The development length of such bars is according to the development 
tength,of bars in tension allowing for hooks anel heeruel a if preevidler| ant‘ mesasurerd as fol lera ing , 
iii In tension zone—from the end of sloping or inclines portion of bara. 


ig) Incompression zone—from the mut) depth of beam. 


5.16. CODAL RECOMMENDATIONS REGARDING CURTAILMENT OF REINFORCEMENT 
0.8 


(REFER Cl. 26.2.3 of IS 456) 
(RECER Heese See 


1. For curtailment, reinforcement shall extend beyond the point at which it is no longer 
required to resist bending for a distance equal tad or 126 whichever i4 more except at 
simple support or end of cantilever, 

2. Positive Moment Reinforcement : 

(i) Atleast one third of the positive moment reinforcement in sum oly supporter] beams 
and one fourth in the continuous beams should po into the support, for | ength equal to 


ba 
a 
(i) At simple supports and at the points of inflexion (pent of zero bending moment! 


positive moment reinforcement sha !) be limited toa diameter such that L, computed 


OAT a, . M 
from equation Ly, = ine is Jess than "J a 
7 
M 
L, F — fp 
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112 | 
| silken Af, = Moment afresistance of the section assuming all the reinforce, 
section to be stressed ta o,,. : bate 
5 = Vield stress in tensile reinforcement : 
V = Shear force at the section due to design loads 


o = Diameter of bar 
= Sum of anchorage beyond the centre of support and the en... 
anchorage value of any hook or mechanical anchorage at simpler’ 
and at the point of inflextion, /, 1s limited to the effective inves Poon, 
Of fy, 
at 


members or 126 which ever is greater. 


My... 3 a : 
The value of Z is increased by 30 percent, when the ends of the reinforcement Are ep 
7 ic 





by a compressive reaction. 


_ 3. Negative Moment Reinforcement: At least one third of the total reinforcemen ,_. 
for negative moment at the support shall extend beyond the point of inflection for a distances it 
than the effective depth of the member or 120 or one sixteenth of the clear span Whichever js am & 


5.17. WAYS TO GET DESIRED DEVELOPMENT LENGTH 
The code [5456 : 2000 recommends the check for development length by following equati 
—< = on. 
Mf, 
V 
Ifthe check is not satisfied than following measure may be adopted for satisfying the check 
I. By reducing the diameter (@) of the main steel te have lesser value of L ,, but keep} ot 
area of steel at the section unchanged, " ane 
2. By increasing the value of /, by providing extra length of the bar over the bend 
3. By reducing the number of bent up bars. 
Checking for development length is essential at the following sections: 
| At simple supports. 
At cantilever supports. 


+1, 2b, 


At points of contraflexure. 
At points of bar cut off. 
In beams of very short spans, 


For stirrups and transverse ties. 


Example 5.15, 
wee te mm x 500 mm has a clear span of 5.5 m. The beam has 2-20 mm 
we eo the support. Factored shear force is 140 kN. Check for developmen 


ength if Fe 415 and M20 grade of concrete is used. IBTE Delhi 201 
Solution. Given 6b = 250mm 
D = 500 mm 
d = 500—4n_ Ps 
900 - 20-10=470 mm (Taking 20 mm clear cove 
f= 5.5m 





bh 
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A,,atsupport = 2x : x 20 = 628 mm 


V = 140 KN = 140 x 193 N 
M20 concrete 
Fe 415 step! 
gs Moment of resistance (M,) at the section 





hoof 
M, = 0.877. A.,.d)1- 2 
' ly af | = Fe 7] 
0.87 x 415 x 628 470( 1 sj OER IOOEE 
250 x 470 x 20 
M, = 94.748 x 10°Nmm 
g Check for development length 
M 
— tly @ LE, 
| _ 0.87/,0 
oath 
ty = 1.6 1.2 = 1.92 Nimm* (For M20 concrete] 
0.67 * 415 « 20 


i; “ener ne eS a RC 
Le = —~Guig9 7940-2 mm 


| -Providing a 90° hencl at the centre of support 
Anchorage length,/, = 89 = 8 x 20 = 160 mm 


M, 94.748 x 108 | 

—+{, = —————— +160 
VY 0 140 » 10" 
= 836.77<L, 


Hence codal requirements are not satisfied so there is a need to increase anchorage length. 
® Providing a U bend at the end of the bar. 
Anchorage length = 160 = 16 x 20 = 320 mm 


| O4 748 » 18 
My.) _ 94748 x10" | 55, 
V 140 * 10° 


997 mm > L, 
M, 

7 + ly > L, 

Hence codal requirements are satisfied. 
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DESIGN OF SINGLY REINFORCED BEAMs 


INSIDE THIS CHAPTER | 











6.1. Introduction 6.4. Types of Problems 
6.2. Basic Aules For Design of Boams 6.5. Design of Cantilaver Beam (LSM) 
6.3. Design of Singly Reinforced 6.6. Design of Singly Reinforced Beam (WSM) 







Rectangular Sections (LSM) 6.7, Design of Cantilever Beam (WSM) 





6.1. INTRODUCTION 


The aim of design is to decide the size or dimensions of the beam and provide suitab), 
reinforcement. The section designed should perform safely during its life time. Bearn is a flexura 
member which resists loads mainly by bending. Singly reinforced beams have steel reitnforcemen 
in the tenstun zane but in doubly reinforced beams steel reinforcement ts provided in the tension 
as weil as compression zone. In this chapter the design of following beams is explained by limi 
state method and working stress method also. 





# Singly reinforced rectangular simply supported beams. 
# Cantilever beams. 
B® Lintels, 
In designing R.C.C. beams, some basic rules are to be followed which are given in IS 456:2000 
6.2. BASIC RULES FOR DESIGN OF BEAMS 
r ; ® a a : | 
While designing R.C.C. beams, following important rules must be kept in mind: 
6.2.1. Effective Span (Cl. 22.2, IS 456) 
The effective span of the beams are taken as follows : 
‘*) Simply Supported Beam or Slab 


The effective enac a « .: 
ve span of a simply su pported beam or slab is taken as least of the following : 


120 
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ingly Meintorced Beams _ | =. 


a 


a" Clear span plus the efeetive depth of beam or slab. 


(i) Centre locentre diatance between supports. 


(b) continuous Beam or Slab 


In case of continuous beam or slab if the width of the KuUpports is less than s of the clear 


span, the effective span is taken as in (a). If the width of the support is greater than = of the 


ar span or 600 mm whichever is less, the effective span is taken as: 
(i) For the end gpan with one end fixed and the other continuous or for intermediate spans, 
the effective span shall be the clear span between the supports. 
(i) Forend span with one end free and other continuous, the effective span shall be equal to 
the clear span plus half the effective depth of the beam or slab or clear span plus half the 
width of discontinuous support whichever is less. 


cle 


(c) Cantilever Beam or Slab 
The effective span of the cantilever beam or slab is taken as - 
g length of over hang plus half the effective depth 
n except where it forms the end ofa continuous beam where the length up to the centre of 
support is taken. 
6.2.2. Effective Depth 
Effective depth ofa beam ts the distance between the centroid of the area of tension reinforcement 
and the topmost compression fibre It is equal to total depth of the beam minus effective cover. 
6.2.3. Control of Deflection (CI. 23.2, IS 456) 
For beams and slabs, the veritical deflection limits may be assumed to be satisfied if the span 
to depth ratios are not greater than the following : 
(a) For span upto 10m 


a ae a er. ee 
1) Simply supported beam Effectivedepth ~ 


a Span 
(4) Cantilever beam Effective depth 


Se Reilee ee 
iz) Continuous beam Effective depth 


= 26 


(b) For span above 10 m, the values given in (a) should be multiplied by 10/span (m), except 
for cantilever for which is to be calculated the exact deflection. 


(c) Depending upon the area and stress of steel for tension reinforcement, the values in (a) or 
(6) shall be modified by multiplying with the modification factor obtained from Fig. 6.1. 


In Fig. 6.1, f, is the stress in steel at service loads. 
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Modification Factor (k,) —» 
ok 
Ad 





6 2.0 2.4 
Percentage Tension Reinforcement —* 


8 fy. Area of cross-section of stecl required 
Area of cross-section of steel provided 
Fig. 6.1. Modification factor for tension reinforcement 


(dq) Depending on the area ofcompression reinforcement, the value of span to depth ratio can 
be modified as per modification factor given in Fig. 6.2. 


— 


Modification Factor 





Percentage of Compression Slee! —> 


Fig. 6.2. 


6.2.4, Reinforcement (Refer Cl. 26.5.1, IS 456) 


(a) Minimum Reinforcement 
The minimum area of tension steel shall not be less than that given by following : 
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. A, 0.85 — 
bd ~ fy 

here A, = Minimum arpa of tension stee! 


la ee 


Breadth of the be 


4m or the breadth of the + — 
Effective des of the web of T-beam. 


II 


E. | 
b 
a 

f, = Characteristics Strength of reinforcement in N/mm*. 
(b) Maximum Reinforcement 


The maximum area of tensian reinforcement shal] not exceed 0.04 6D 


{c) Side Face Reinforcement 


When the eae of the web Ina beam exceeds 750 mm. it is a deep beam. So side face 
Oey itd atone Lhe two faces. The total area of such rein fireament shall 
not be a : ts : p ge . fi z . Web area which shall be distributed equally on both the faces. 
The spacing of side face spacing should nat be more than 300 mm or web thickness whichever is less. 
(d) Transverse Reinforcement in Beams for Shear 


The shear reinforcement in beams shall be taken around the outermost tension and compression 
bars. The design of shear reinforcement is given in chapter 3 and chapter 5 


{e) Spacing of Reinforcement Bars 


a) The horizontal distance between two parallel main bars shall not be less than the greatest 
of the following: 

B® Diameter of the bar ifthe bars are of same diameter. 

8 Diameter of the larger bar if the diameter are unequal. 

# 5mm more than the nominal maximum size of coarse agpregate, 


(iz) When the bars are in rows, they should be vertically in line and the minimum vertical 
distance between the bars shall be greater of following: 


# J5mm 


a =rd of nominal maximum size of aggregate. 
# Maximum diameter of the bar. 

6.2.5. Nominal Cover to Reinforcement (CI. 26.4, IS 456) 

Nominal cover is the depth of concrete cover to all steel reinforcement including links, shear 
stirrups or column ties, [tis the dimension used in design and indicated in the drawings. 

[t shall not be less than the diameter of the bar in any case. The nominal cover is provided in 
RCC. design for following reasons : 

(a) To protect the reinforcement against corrosion. 

(6) To provide cover apainst fire. 

fc) Todevelop the sufficient bond strength along the surface area of the steel bar, 


® The code IS 456 : 2000 gives values of nominal cover to meet durability as given in 
Table 6.1. (Table 16, [5 456) 


DP ree Dee ei i oie i 


PULLED AERP PE TPP PTD TD EL PL OR dees 
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Mild 
Moderate 
Severe 

Very severe 
Extreme 









(i) For a longitudinal reinforcing bar in a column, the nominal cover shall NOt be |e 
than 40 mm or diameter of such bar. But in case of columns of minimum dimensi “88 
of 200 mm or under whose reinforcement bars do not exceed 12 mm, a nominal COVE 


of 25 mm may be used. 
Gi) For footings minimum cover taken is 50 mm. 


6.2.6. Curtallment of Tension Reinforcement 
The reinforcement shall extend at least or 12 0 (whichever is greater) beyond the Point of 
theoretical cut off. (Theoretical cut offor centailment point is that point beyond which the barj 
not longer required to resist bending at that section). | 
The Rules governing the curtailment explained in the following articles. 


6.2.6.1. Conditions for Curtailment of Bars 
The area of tensile reinforcement (A,,) ina beam is calculated for the maximum bending moment 
ino 
- Cy Jd 





In a beam the bending moment varies along the length of the beam and hence the requirement 
of steel also. The number of bars required at any section is directly proportional to the bending 


moment at that section fe. A,,~ M. 





Fig. 6.3. 


| > is understood that maximum number of bars are required at the section of maximu® 
“a but some of these bars may not be required at the sections having less bending 
| -80, some of these bars can be curtailed at this section. (Fig. 6.3) 
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ie point after which the bar is no longer required to resist flexure is called as theoretica ] 
yrtailment point. The number of bars which can be curtailed or bent up at any distance x, from 


she centre of the span of beam is given by 





5 bel Ms 
~ 2Yn, 
n. = Number of bars at the centre 


n, = Number of bars which can be curtailed at section xx 


6.2.6.2. Simplified Curtailment Rules for Tension Reinforcement in Beams (As Per SP 34) 
The curtailment of tension reinforcement in beams is related to the bending moment diagram 
and rules given above. However, simplified curtailment rules are given in SP 34 (handbook on 
-oncrete reinforcement and detailing) and are given in Figs. 6.4 and Fig. 6.5. 
Centre of Support 


l 
| Bars to have 
_  € Greater of Ihe required 
, es ] anchorage 
O.5 A, 0.5! or Ly value on both sides 





i wT 


0.25 A,, (Min) subject : 
to minimum two bar iH 
] ! 


Fig. 6.4. Simplified curtailment rules for cantilever beam 
i 


Minimum Two Bars 


eee 
\ ER 50% Ay, 100% Ay, 30% Ay, FDO 


Brick wall support 
Fig. 6.5. Simplified curtailment rules for simply supported beam 
As per Fig. 6.4, 50% of the main bars, in a cantilever beam can be curtailed at a 
distance 4 but >> big or more from the support. In the case of simply supported beams, 50% 


ofthe main bars can be curtailed at distance 0.08/ from the face of the su pport. 
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DESIGN OF BEAMS BY LIMIT STATE METHOD 
————— an | 


6.3. DESIGN OF SINGLY REINFORCED RECTANGULAR SECTIONS FOR FLEXune 


The design problem is generally of determining dimensions (cross-sectional) of a beam (4, 
and the area of steel for a known momentor load. The basic requirement for safety at the lies 
Limit 


collapse (flexture) is that the factored moment M, because of loads should not exceed the ultima 


moment of resistance Mulim of the section and the failure should be ductile. 
M < M,_.. 


a 


Taking equality oe, a 


Ziman | 0.42 x, mas oll 
fuman) jy -——_+*_ | bd 

0.36 f., 7 | 7 | 

M, = R,bd* 


For the given material e. grade of concrete 
limiting moment of resistance factor. 


and type of steel, R, ts constant and ts called a, 





: - 0.42 x, mas 
R, = 0.36 fis 7 J 7 


Table 6.2 gives values of R, for vannous grades of concrete and different types of steel. 


TABLE 6.2. Values of RA, For Balanced Design. 


















Type of Steel Reinforcement 


Concrete Grade ; | 
Fe 415 (R, = 0.138 f,) | Fe 500 (R, = 0.133/,) 











Fe 250 (R. = 0.149 fy) 





2.33 1.99 
9 98 2.66 
3.72 3.32 
4.47 3.99 
5.21 4.65 
o.o D.02 





ao 


mensions of the Section 


6.3.1. Fixing Di 


| to | or 200 mm, 250 or 30 tc. The effectiv' 
The value of b may be suitably fixed as 5 10 3 or 200 mm, 250 or 300 mm ete. 


depth of the section Is obtained as: 


M, 
dred = \R,.b 
Itis desirabl 


ed for a balanced section. 
section. 


This depth corresponds to the minimum depth requir ramet 
to adopt a value of d which is larger than d,,.44 in order to obtain an under-reinforce 


Overall depth of the beam should be expressed in rou nded figures 
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off value of D, correct value of effective depthd can be obtained as 





Having f xed the rounded 
follows : 


d = D-Clear cover -9'-§ 


6.3.2. Determining Area of Tension Stee! 
Now, the dimensions of the beam are fixed and the required area of tension steel (A,,) can be 
calculated such that the ultimate moment of resistance of section is equal to the factored 
; M,, = M fim 
0.87 /, .A,,(d-0.42x, 
As = a 
0.87 f, (d - 0.42 x 


ii Ma 


ma? 


The above formula is applicable for balanced section. 
However if under reinforced section are designed then A,, is calculated from the following eqn. 
oe af ans 
M, = 0.87/, A,.d} 1-2 —* (Cl. G.1. (6) of IS 456] 
bd fer 


This will give a quadratic equation in terms of A » Which can be solved easily and the smaller 
value of root is applicable as solution. 





6.4. TYPES OF PROBLEMS 


ee ee 
(1) Determining area of tensile steel if, d and Mare given 


(0) Determining the dimensions (cross-sectional) and area of tensile forcement. 


Type-I: Determining area of tensile steel if b, dand M, are givens 


xy PTA 


d fur given type of steel from Table 5.2 or (Cl. 38,1, (note), IS code 456). 





1. Determining 


2, Determining the limiting moment of resistance A, , 
‘ Xo max 0.42 x, rx : 

M iin = 0-36 fy a i - —- bd * IC]. G1.1(c), IS 456) 

3. Compare M, and M 


uv lim 


i) M,=M, lim the section is balanced and the area of steel can be found as 





M, 
A, = S==5 oo 
: 0.67 f, (df -O42x,_..) 
_ A= TG fet Oty max 
o 0.87 f, 
(t) M,<M,,,., the section is under reinforced and the area of steel is calculated from the 
following equation 
087f, Ay d{1— Ath 
M, = U.t fh A, ft) 1- bd fy (Cl. G1.1(b), IS 456] 
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(ii) M, > M,,, the section is over reinforced and hence should be redesigned or design 
doubly reinforced section (chapter 7) 


Type-ll: Determining dimensions of the beam and area of tensile reinforcement 


1. Determine design bending moment (IfM, is not piven! 

(i) Assume suitable value ofdepth and width (To start with, the depth of beam can be SS ume 
as <, to- to a and width may be taken as 5! oO : of the depth) 

ll — of the beam and determine total load (w) by adding imposed loads 1, 
self weight. 


—_ 


(u 


(ia) Determine design or factored load (tv, ) 
ly,is the partial safety factor for loads andj, 


Li’ = MW! = 7 
k taken as 1.50r DL +L) 


rs! wo =wex Lo 
(tw) Caleulate the factored moment (M,) 


w, .f 7 
For simply supported beam M, = —— 


1 


2 
wad 


For cantilever beam M, = —3— 


2. Determine =e. from Table 5.2 and R,, from Table 6.2 


*u max 0.42%, max 
R, = 0.36/,, “2*|1- = 





3. Determine the minimum depth required 





4. Compare d,_, with assumed value of effective depth. 
(f) wf assumed ef > Dyce then our assumption ts correct and provide the assumed depth and 
calculate overall depth. 
(a) ifassumed d <d 


nya: then redesign the section and repeat. Steps 2 and i, 

5. Determine the area of steel required. 

The effective depth provided ts greater than the depth required for a balanced section, so we 
are designing an under-reinforced section. The aren of stee! corresponding to under reinforced 
section ts calculated from the following equation : 


Pig i 
= 0.87 ane 
M, Ly Ay. ta wet | 


114 











| sign of Singly Reintorced Beams 
ris ore? of steel (A,,) should be more than the minimum area of steel (A,) specified t 


ot 





y the 


A = 0.85 bd 
f, 
Choate suitable diameter (6) of steel bar, 
7 ; 
A, = 4 ¥ 6? 
, Aw 
Number of bara required = 0g 


ifinstead of an under reinforced section, a balanced section is designed i.e. d =d,,.4, then the 
win ofsteel can be estimated directly from the following equation 
M,, 
0.87 f, (d - 0.42 x 


u max ) 


Ay = 
. fonly design for flexure is required, then follow up to step 5. If full design of beam is 
required with all checks, then do Steps 6, 7, 8 and 9 also. 
g. Check for deflection : 
i) Calculate service stress (/,) and P,(% of tension steel) 





oe Gee | cc) gee 
I . Fe st] bd 


(g) Find out modification factor (k,) for f, and P, values from Fig. 6.1. 
a 
i (F) 


() = Tek, [for cantilever beams] 


20 x k, [for simply supported beams] 


fr | 
if (5) > (Fe «heme O.K. 


| if ( a) 2 ts ere then redesign the section 


7. Design for shear is done in the same way as explained in Chapters 3 and 5. 
8. Check for development length. 
9. Give design summary and a sketch for showing the reinforcement. 


a 
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Evamples on Design of Singly Reinfor ed bea 


‘ = —= 
—=== =— a = 


Example 6.1. ———————__ an gum is subjected to 8 bending moment 
‘a0 mim x 700 mm of conerete and Fe 415 steg 

A reinforced conerete beam 1: pga 20 con ) Vy 
ee. . ho ween oO | 

150 kNm, Determine the ares — 


, = S00 mm, 
Solution. Given, b = Hit a 
Mf = idkNm 


f, = 20 Nénm’, 


forcement if M 


f =A N/mm” 


Design bending moment 





—— ‘Table 5.2 for Fe 415 steoy 
Sums = O48 


ad 





Limiting moment of resistance (M, jim) 


: O42 4 rr’ ; 2 





) i, len 


0.36 x 20 s 0.48 ( 1- 0.42 x O48) 800 ~ 660° 


860.558 * 10° Nam 
360.58 kNm 


A [ wo hen = 
M 


w hit 


a Design moment 
M 


MPx y - 
150 x 1.5 (¥p= 1.5) 


fi wF, 
995 kNm = 225 x 10 Nmm 


nt ow 





M 


F | 
| -action is under reinforced. 
BM om? Af. the eect 


w Area of steel (A,,) 


i A, 
M = 0.87 f, Aad (1-759 


ii 











| { AG x Ay ; 
995 x10" = 0.87x415 x A, x 660) 1- Sono x BGO 
A2 -9542A,, + 9009865.8 = 0 . 
A,, = 1062.45 mm” 
Example 6.2. _ —— Ss = eecaeeecaialitice — 





A singly reinforced R.C.C, beam is subjected to a moment of BO kNm. The width of thr 
beam is 200 mm. Calculate the depth of beam and area of steel reinforcement requis 
for balance design. Use M 20 concrete nnd Fe 416 steel. 


Solution. Given, b= 2O0 mm, Af = 80 kNm | 
f, = 20 N/mm’, f= 415 N/mm’ 
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Design of Singly Reinforced Beams 





vy mag 
a 


B yO [Table 5.2, for Fe 415 steel] 


s Design moment 


M,=Mx Yr = 80 x 1.5 
M,, = 120kNm = 120 x 10° Nmm 


M,, oe M, lum 
. = *umax 0.42 
MM, him = 0.36 f, a 1 - i Joa" 


120x10° = 0.36 x 20 x 0.48 (1 - 0.42 x 0.48) 200d? 
d = 466.3 mm say 470 mm 
+ Depth required for balanced section = 470 mm 
Xymox = 0.48 d= 0.48 x 470 = 225.6 mm 


g Area of steel (A,,) 


Designing it as balanced section and calculating area of steel required for balanced design. 


ee ee 
"  0.87f, (d-0.42x, 44.) 0.87 415 (470 — 0.42 x 225.6) 
A,, = 885.7 mm? 


Se a a a a a a a eee a 
An R.C.C, beam is required to resist a bending moment of 70 kNm. Design the 


beam for flexure, taking 2 = 0.5. Use M20 concrete and TMT (Fe 415 bars). } 
Solution. Given, M = 70kNm 


i, - 20 Némm? 
f, = 415 N/mm? 
b 

7 = 05 


B Design or factored moment 
M, = Mxy,=70 x 1.5 ly-= 1.5] 
= 105 kNm = 105 x 10° Nmm 


® Effective depth required 


R a 0. 36 f; © max, 7 a = a Mui 


fi 


vo mux : 
a = 0.48 (For Fe 415] 
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" R = 0.36 x 20 x 0.48 (1—0.42 x 0.48) 
R_ = 2.76 

M. = R. bd? 

105x10° = 2.76(0.5)d° [b =0.5dl 

3 = 76086956.52 

493.7 mm say 425 mm 


i 
= & 


oe a 
i) 


“ = 212.5 say 215 mm 


@ Area of steel (A_) 
The balanced steel required for this section 1s calculated as follows : 
My, | 
Az = 0.87f, (d - 0422, max) 
[x, max 0.48d = 0.48 x 425 


= 204 mm| 


105 x10° 
Al = 0.87 x 415 (425 - 0.42 x 204) 


A, = 857.1 mm* 
fone: bar A. = =x 20? =314 mm’ 
Area of one 20 mm o bar, A, = ie : 


” . 857.1 _ oro cay 
Number of bars required = 314 = 2.72 say 





-. Provide 3-20 mm 6 bars 
Assuming effective cover = 45 mm 
Overall depth ofbeam = 425+ 45=470 mm 
Beam dimensions = 215 mm « 470 mm 





Example 6.4. 


An R_C.C. beam is required to carry a uniformly distributed load of 25 kN/m inclusive 
of its self weight. The effective span of the beam is 8 m. Design the beam for flexure 
only. Use M30 concrete and Feil15 steel. 





Solution. Given, w = 25 kKN/m 
f, = 30N ‘mm [For 4130 concrete] 
f, = 415 Nimm” (For Fe 415 steel] 
® Design load (i,) and Design moment (M_,) 
wo=wx ld ly/= 1.6] 
20x 15=37.5kN 





w,I* 3758" 


N= eps 300 kNm or 300 x 10° Nmm 
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Design of Singly Reinforced Beams 
g moment of resistance factor (R,) 





f = 
— = [Table 5.2, for Fe 416 steel] 
: (_ 0.42 x 
, — 0.967, Sema | 246 Xu max 
i. i d t 7d 
R,, = 0.36 x 30 x 0.48 (1 — 0.42 x 0.48) 
R, = 4.13 


da 


um effective depth required 


{inim 
ph b = 250mm and effective cover = 40 mm 





M 300 x 10° 


Grad = VR 5 413x250 
deega = 539 mm say 540 mm 


. Provide a beam of size 250 mm x 580 mm. 


s Area of steel required (A,,) 
of steel required for a balanced design is calculated as follows: 


Area 
Xm = 0.48 
= 0.44 x 540 
Xo max = 209-2 mm 


M, 
Ae = O877, (E- OAR Enns) 


300 x 10° 
= 0.87 x 415 (540 - 0.42 x 259.2) 
A, = 1927.2 mm°* 


sf 
gs Minimum area of reinforcement (A,) 


0.85bd 0.85 x 250x540 
° i 415 





A, = 276.5 mm* < 1927.2 mm’, hence O.K. 


a 


It ay : 9 
Area of one 25 mm dia bar = 4 x 25° = 490.8 mm 


1927.2 , | 
Number of bars reqd = 490.8 3.92 say 4 





Provide 4-25 mm 6 bars. 
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3 R.C.C. Design and Drawing 
Example on Design of singly reinforced beam for flexure and shear als, 


Example 6.5. = | 
A rectangular reinforced concrete beam is simply supported on two masonry y_ 
230 mm thick and 6 m apart (centre to centre). The beam is carrying an imposed te 
of 15 kN/m. Design the beam with all necessary checks. Use M25 concrete ang Fp dls 
steel, 
Solution. Given, i =6m 
Imposed load = 15 kN/m 

f, = 25 N/mm* [For M25 Concrety 

f= 415 N/mm" [For Fe 415 steel 
i _ 6000 


12 lz 





@ Assuming a trial total depth of 500 mm ( 


and 6 = 250mm 
Effective depth, d = 500 —50 = 450 mm [Assuming effective cover = 59 mm} 


# Effective span (1): The effective span is least of following : 
(1) Centre to centre of supports = 6.0 m 


(zz) Clear span+d = 5.77+045 [Clearspan =6.0- 0.23 = 5.77 m] 
= 622m SS ieee 
{= 6.0m 
= Design load (w,) and factored moment (M,) 
(z) Self weight ofbeam = 0.5 « 0.25 x 25 
= 3.125 kN/m [Taking unit wt. of RCC = 25 kN/m 
Imposed load = 15 kN/m 
Total load,w = 18.125 kN/m 
Design load = wx 1.5 
= 16.125 « 1.5 
w, = 27,2 kKN/m 


[load factor = 1.5] 


np = i? _ 27.2x6° 
: 5 8 
M, = 122.3kNm or 122.3 x 10°Nmm 
# Minimum effective depth required 


ee 
d = 0.48 [Table 5.2, for Fe 415 steel] 


Ki, = 0.96 i on —Saee 1 = 0.42 Tu max ] 
, | ad 


= 0.36 x 25 x 0.48(1- 0.42 x 0.48) 
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a 
i 
o 
fe 






172.3 x 10° | 
345 xa50 7376 mm<450 mm. Hence O.K. 





Dread = 


since the depth of section is more than that required for balanced section. The section 15 
ned as an under-reinforced section, 
esl 


Adopt. D = 500 mm and b = 250 mm 


d 


d = 500 - 20-8 -=* = 462 mm 
jAssuming clear cover as 20 mm, 8 mm as dia of stirrups and 20 mm dia main bars] 


a Area of steel required 
For an under reinforced section the area of steel required is calculated as follows : 





, : f, Ag | 
if O87 F. A... Pre lO Snails 22 
, i ali ae 


415A 
122,.3x 10° = 087x415 A,, x462| 1-———__*___ 
_* i eas | 


122.3 x 10° = 166805.1A,,-23.97A,, 
A? -6958.9A,, + 51022111 = 0 





4. - 8958+ y(6958.9)* - 4 x 51022111 
a a a 
2 


Agtreqd = 833mm° 
gs Minimum area of steel (A,) 


A 0:85 bd _ 0.85 x 250 x 462 
Jar 415 





A, = 236 mm* < 833 mm’, hence O.K. 
Area of one 20 mm dia bars, 
= 2yoo? =314 mm 
A, 


Number of bars reqd, aa = 533 _9 65 say d 
rt Ay 314 


”. Provide 3-20 mm dia bars, 
Ast onvided = 3% 314 = 942 mm’. 


® Check for deflection 
100 x 942 _ 


= ——=-08% 
f 250 x 462 
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| Agneat |_on 833 | _ 519% 
f, = 0.58 f, Fe |-058xs15[ Sfp] = 212 Nin 


912 N/imm* and P, = 0.8% from Fig. 6.1 


(135-12), , For f , 
| pS = (212 = 190) [For f, = 190, & - 
k, = 159~ "910 - 190 iti 


f, = 240, h, = 1) 


a« d Piccais 


i 6000 


(5) m (5) hence O.K- 
cag NE) petal 


“= _ ae 9.77 [L = Clear span = 5.77 m] 


= 78.5 kN = 78500 N 





= 
I 


Nominal shear stress (t_) 
_ VY. __78500_ 
== bd 250 462 
< = 0.68 N/mm 


shear strenyth of concrete (t) 

For P, = 0.8% and M25 concrete, from Table 5.5 
(0.64 - 0.57) 
1.00 - 0.75 

= 0.58 Nimm< tn [¥, maz = 3.1 N/mm®, Table 5.7 
 t, > t, hence shear reinforcement is required 
Shear to be carried by reinforcement = V,,, 


Le 0.57 + «(0.8 - 0.75) 


V_ = V. — Tes = 78500 - 0.58 x 250 x 462 
V_, = 11510N 
Lising 8 mm 6 2 legged stirrups, 


A, = 2x = x8* = 100.53 mm? 


i i 
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Design of Singly Reinforced Beams 
0.87 /, .A,,.d 
a 





i] in of stirrups, 5. —_ —_— 
ill ‘ ) Lae 
a _ O.87 x 416 b 100.53 x 462 
11510 
S\ = 1456mm 


Maximum spacing as per minimum reinforcement 
OSTA. f 
_ 0.87 100.53 x 415 
0.4 x 250 
The spacing should be least of the following also 
{) 0.75 = 0.75 x 462 = 346 mm 


.= 362 mm 


(ii) 900 mim. 

» Spacing S, = 300 mm 

Provide 8 mm 6 2 [gd @ 300 mm e/c throughout the length of the beam. 
Provide 2-10 mm ¢ anchor bars in the compression zone. 


gs Check for development length 





ca M, 


A 
0.87 f, Ay, .d 1-Sels | 


bd fen 


949 x 415 


- 0.87x 416 x 942.x 462(1-—— O _ 
iia [1 250 x 462 x 25 


M, = 135856988 N 








V, = 78500N 
Using no bend or hook, /, = 0 
M 135856988 : 
2. se eee — 17% 
V. '° = 78500 +0=1730 mm 
OB, 20x 0.87 x 415 | 
L,= iw " «xan (from Table 5.8 
Ta = 1.6 x 1.4 = 2.24 for HYSD) 
L, = 805.9 mm 
M, i, : : 
7 i, > L,. Hence codal requirements are satisfied 


a Design Summary 
Beam size = 250 mm x 500 mm 
Main tensile bars = 3-20 mm 6 bars of Fe 415 grade 
Shear stirrups = 8 mm 6 2 Igd @ 300 mm c/e 
Anchor bars = 2-10 mm 
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Centre of support 
| 4 8mme @ 300 mm cic 
eiges ,2-#10mm 250 mm 


500 mm 








4 — #20 mm Dars 


6.om 





Fig. 6.6. 
6.5. DESIGN OF CANTILEVER BEAM 
The cantilever beams are supported YS ff ye 
(fixed)at one end and the other end is free. WY . 





When such a beam is subjected to loads, it 
bends downwards as shown in Fig. 6.7. Due 3 /4 
ta this the upper fibres are subjected to “““7 
tensile stresses and lower ones to 
compressive stresses. Therefore the main 
steel is to be placed at the upper face. 


The following points are to be considered 
while designing a cantilever beam. 


(i) The mai tensile reinforcement 15 to 
be placed in zone above the neutral 
axis. 


— 


The bending moment in a cantilever 
varies from zero at the free end to 
maximum at the fixed end. hence the wf P: y 
depth of the section is also kept ) ; 
maximum at the fixed end and | Seu 
minimum (150 mm) at the free end. Pig. 6.7. 
It means that the depth of the section 
is varying along the length of the beam. 


(i 


(at) The width of the beam is kept uniform throughout the length of the beam. 


(rv) ey 5274 bars in a cantilever beam are to be curtailed at suitable locations a5 Pet 
art. 3.11.1. : ; bs t 
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Design of Singly Reinforced Beams 


The effective depth ofa cantilever beam may be assumed from deflection control criteria 


| atid. The depth should be taken slight! y higher than required by deflection criteria. 
r hs 


F 


eit ee 
cantilever peat 
of 


apie * 


66. —<———— OO 
pan tilever beam having an effective span of 3 m. The beam is carrying a load 
pst including of its own weight. Use M20 concrete and Fe 415 steel. 
qu 
l 


dm 


Ul 


an (given 
gor 


f,, = 20 N/mm’ 
f, = 415 N/mm* 
w = 14 kN/m 


; Factored moment (M_,) and shear force (V,) 
Design load = wx r= 14 x i5= 21 kN/m 


a Wy lt _ 21x3" 








u~ 9 2 
M, = 94.5kNm_ or 94.5 x 10° Nmm 
Vv, = wo, falied 
V, = 63kN or 63000 N 
1 3000 | 
a= 7 =~ q = 428mm 


p Assuming, D = 450 mm at the fixed end and 150 mm at the free end, clear cover as 20 mm, 
inm dia. shear stirrups and 16 mm dia. main tensile bars. 
: bh = 250 mm 
: d = 450-20-—8-8=414 mm at the fixed end 
| ' Minimum depth required (d,_.4) 
M 





d 
- 0,36 x 20 x 0.48(1 — 0.42 x 0.48) 


road = V&,.6 
aT Mat 
a 0.48 [For Table 5.2 for Fe 415 steel] 
oe i ae 
R, = 0.36f,—— 1 - 0.42 —— . | 


a 
" 
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94.5 x 10° 





deat = | 
= 370 mm < 414 mm. Hence O.K. 


@ Area of tensile steel (A,,) 


ne xe ARTE. A cal EI 
M, = 0.87f, Ag pe 
| tf 415A, 
94.5 x 10° = 0.87x415xA,.414)1- So ag xa 
94.5 x 10° = 149374.7-29.96A,,° 
A,? ~ 4989.1 +3.15 x 10° = 0 


49891+./(4989.1)* -4*3.15= 10° 
—SS 


A, = 742 mm” 





@ Minimum area of steel (A,) 


O.85bd _ 0.85x 250x414 _ oi) amt< 742 mm? 








a, = ES 415 
af A, = 742 mm’ 


Using 16 mm 4 bar, A, = : x 16° = 201mm 


142 _ 


“1 = “-4 
No. of bars reqd = 201 


+. Provide 4 — 16 mm 6 bars A,, provided = 804 mm* 


@ Curtailment of bars (refer Art. 6.2.7.2) 
Out of these two bars can be curtailed at a distance of 1.75 m 
o.(O.87f, } 
eee Tete 
° hed 
16x 0.87415 
4x1Ll6x12 
752 mm < 1750 mm Hence. O. K. 


> 4 from the face of support 


[ty = 1.6 1.2 N/mm‘* for Fe 415, Table 5.8} 


Design of shear reinforcement 
@ Nominal shear stress (t,) 


V 63000 4 
= — [= ————— ee = f Ti 
* i“ oe 





S/mm?. Table 5.71 
TS Toma [t. nox = 2-8 N/mm’, Tab 
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Design of Singly Reinforced Beams 





i 


Ast at supports = = 402 mm? 


100 x A,, _ 100 402 | 
bd = * «250x414 = 258% 


0.38%. 


P, = 


For M 20 concrete and P, 


[From Table 5.5] 


| 0.48 - 0.36 
+ 050-095 (058 0.25) 


i 
i 


a 
li 


. = 0.42 Nimm? 
t, > t,. Hence shear reinforcement is required. 
Shear to be resisted by stirrups = Ve 
Vis = V, Tend 
= 63000 - 0.42 x 250 x 414 = 19530 N 
Choosing § mm 4 2 lgd stirrups 


LL 


Tt 
A, = 2x2%8° = 100.53 mm’ 


0.87f,.A,,.d 
ee 


us 
0.87 * 415 = 100.53 x 414 
” 19530 
w Maximum spacing as per nominal reinforcement 
_ ss O.B7 fF, .A,, 
0.87 x 415 100.53 
~ 04«250 
= 362 mm 
The maximum spacing of shear stirrups should not exceed : 
() 075d =0.75 x 414 = 310.5 mm 
(a) 300 mm 
-. Provide 8 mm 6 2 led stirrups @ 300 mm c/c through out the length of beam 
Provide 2 - 10 mm 6 anchor bars 
® Check for deflection 


i 


Spacing of stirrups, S,, 


=- 770 mm 


Aven 
P, = 0.38% f, = 0.58 x f, Euaet nad | 


Ay provide 


f. = 0.58% 415%| 1 


f, = 222 N/mm* 


AS TUONO EPA EEE EERE EEE EEL EEE EEE LEELA EEE IEE ELE ee 
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From Fig. 6.1, 


For P, = 0.38% and f, = 190 N/mm” nage (1.89 - 1,68) 
k, = 1.72 

| , 1.47 -1.3¢ 

For P, = 0.38%, f, = 240 Nimm?, b = 7-1.34) 


k, = 1.36 


For f, = 222 N/mm? 


ky = 1.5 


l 
E praided : “414 = ine 


ft (F) oe 
a). wd, provided hence O.1. 


# Design summary 

Beam size: 6 = 250 mm, D = 450 mm at fixed end 
D = 150 mm at free end 

Main bars : 4—16 mm dia bars 

Stirrups : 8 mm 6 2 led stirrups @ 300 mm c/c 

Anchor bars : 2-10 mmo 


1.75 m 











4416 mm 
2-#16 mm care 
aay € 
= 
jet 
—~ #10 mm Anchor bars 250 mm 
: Pal 
Amm 6 2 Igd strrups @ 300 mm cic 
3.0 mm 
L-Section | Section 
al support 


Fig. 6.8, 
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(1.72-136) 
a= (240 190) *'222~199) 





“(0.4—0,3) *'038~03) 


*~ (0.4-0.9) * (0.38 — 0,3) 


e-W16 mn 


Seren 


wor 


Section 
X-K 
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ee 
pEsIGN OF BEAMS BY WORKING STRESS METHOD 


ppocEDURE FOR DESIGN OF SINGLY REINFORCED BEAM 
. 









a of the beam (I) 
a the beam 
Grade of concrete and type of steel. 


i Loss" 
i) Matenials- sass 
(iu ate design constants for the given materials (k,j and R) 


7 Calcul 
i Gp; 


k= ———_ 
Mm Gps. + O,, 


k 
j= ete 


. l 
R- @ Teche ky 


9 Assume suitable depth and breadth of the beam. Also assume the suitable cover (To start 


with, depth may be assumed as span/10. The breadth of the beam may be taken as 5 


to 7 of its total depth). 


3 Calculate self weight and effective span of the beam. 
Self Weight = D x 6 x 25000 N/m 
D = Total depth of beam 


bh = Rreadth of beam. 
ate total load and maximum bending moment for the bear. 


Total load (uw) = Self weight + Superimposed load 


where 


4, Calcul 


i} 
wil 


| al ‘simply 5 rted beam. 
Maximum bending moment, M = oa at centre of beam for simply suppo 


wl* 
M = = 


ive depth required by equating the moment of resistance of the 


at the support for cantilever beam. 


5. Find the minimum effect | 
beam to the maximum bending moment. 
M-=M, 


= Rbd° 
M 


= ———— 


reat = V RD 
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6. Compare 1 with assumed depth value. 
than the assumed d, then assumption is correct. 


() Ifitis less 
then revise the depth value and repeat Step, 


(i) If did ig more than assumed d, 
and 5. 
7. Calculate the area of steel required (A,,). 
M 
A, = gq w Ja 
Selecting suitable diameter of bar (¢) calculate the number of bars required 


Area of one bar = qxo =A, 


i> 


ei 


:. Number of bars required = eo 


8. Calculate Minimum Area of Steel (Ag) 
As 0.85 


bd f, 
Check that A,, provided is not less than Ag. 


9. Check for deflection of the beam by calculating span to depth (4 ] ratio as follows: 


(t) Calculate /, and percentage of steel (P,). 


i 
Bes EE fe ps 
h : Es provided ) | 
100.A,, 
C= “aie 
(a) Find out modification factor (A,) for the calculated value of f, and P, from graph in 


Fig. 6.1 


re i: 
(ii) (+) = 20 x A, for siimply supported beam 


[ 
(5). =7xK, forcantilever beam. 
Check (7) If (+) eee is less than “us then O.K. 


a | 
If (4) ; i | . 
a than (+) then revise the depth of the beam. 
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tate? In the case of beams, deflection ch Saar ——— 
Note en examples. eck is adequately satisfied. It is very much clear 


fom the piv 
check for shear and design of shear reinforceme 


| nt is given in Chante 
heck for development length (L,) at the critica Elven in Chapter 3. 


l sections and provide it as explained in 


..- deep beams (D > 750 mm) side face reinfnr, | 
Pe aia bit face reinforcement is to} 7 a 
jz The total area of such reinforcement shall not be less than te i ee ee 


» distributed equally on tw 
all be distr equally an two faces at a spac; ok lel lke : 
genie whichever 1s less. 4 spacing not exceeding 300 mm or web 


A Draw neat sketch clea rly show 
design. 


gems, SOLVED EXAMPLES So 


ample 6.7 | 
‘ A reinforced concrete beam is simply supported over a clear span of 6 m. The 
, carries a superi mposed load of 10 KN/m. Design the beam if the width of the 
-< 300 mm. Use M20 concrete and Fe 415 steel. The beam is resting on 400 mm 
aick walk. | [BTE Punjab 2007) 
ssjution. Given, {=6m,; 
uw = 1OKN/m 
6h = 300 mm 


\aterials : M 20 concrete and type of stee] 


ing the reinforcement details and write the summary of 


O.4¢ = 7 N/mm’ for M 20 concrete 


o,, = 230 N/mm” for Fe 415 stee] 


8 Calculation of design constants [k, j and R] 


280 — 280 . 
= = —— = 13.93 
3G, deT wes 





MO che Lae 7 9.99 
MO, +O, 14.33% 74+ 230 


h = 


a 5 a,,, ki 5 «7% 0.29 ¥ 0.9 =0.91N/mm* 





| O00, 
a" Assuming total depth as D = a - — = 600 mm 


Assuming effective cover = 40 mm 
d = 600-40 = 4560 mm 
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A.C.C. Design and Drawing 










Calculation of total load (1) 


i B . 
Selfwt. = 0.3 x 0.6 x 95000 = 4500 N/m 
_, Win wet R Ge waaay 
Imposed load = 10 kN/mr = 10000 N/m in 
Total load = 14500 N/m 
gs Calculation of effective span (f) 


The effective span will be least of the following : 
(:) Centre to centre of supports = 64+04=-=6.4m 


(ii) Clear span + Effective depth = 6 + 0.56 m = 6.56 m 
{= 64m 


Calculation of maximum bending moment (M) 





a 
( 2 
M = wih _ MeO xo" = 74240 Nm 
8 8 
M = 74.24 kNm 
# Calculation of minimum depth required (d,,,)) 
[M_ _ : 
dead = VR.6  \ 0.91 x 300 
= 521.5 mm < 560 mm 
dread < Fnssumed: Hence O.K. 


Adopt D = 600mm 


Effective depth =d = 600 — 25 - 8-2 = 559 mm, 


Taking 25 mm as clear cover, 8 mm 9 shear stirups and 16 mm 6 as the main bar 


# Calculation of area of steel (A,,) 
wlll 
M 74.24 x10 - 641.6 mm? 


Ay = G jd 230x0.9x559 


Minimum area of steel required (A,) 
0.85bd _ 0.85 x 300x559 
Ag= fp "415 





= 344mm°<A,, Hence O.K. 
@ Area of one 16 mmo bar = x16? = 201 mm? 
Number of bars required = ae = 3.2 say 4. 
, Provide 4-16 mm $¢ bars, A,, provided = 4 x 201 = 804 mm* 
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Design of Singly Reinforced Beams 
ek for deflection control | 
ensile reinforcement 
100. A, 

ba 
100 x a4 
300x559 > 18% 





| a 
i= B57, qos] = 0.58 x 415 Kea 
of provicled 804 


f, = 192 N/mm" 
For P, = 0.48% and f, = 192 N/mm? 
K, = 1.6 [From Fig. 6.1] 


’ 
(Faas = 20% 16232 





) 6400 |, 
din” Eo 


r) [ 

E prided ~ 3 pea Hence O.K. 

s Shear design 

Maximum shear force at the face of the support = V 
wh 145006 


—_——E=———= 
| — — ——— 


2 2 





V = 43500 N =43.5 kN 


Nominal shear stress = 1, 


V__ 43500 

© = bd 300x559 

0.25 N/mm" 

1.8 N/mm* for M20 concrete [Table 3.3] 
Hence O.K. 


et 
ri 
Nfl 


I ‘, ETLEh 
Design shear strength of concrete (tT) 


For P, = 0.48% and M20 concrete, from Table 3.1 


. = O22 a0 = 4 ineeniaas 


0.294 N/mm* 
. 6 


i Fr 


I 
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A.C.C. Design and Drawing 


' isis shear reinforcement is not required, however, nominal 
provided as per code, 


shear reinforcemp 





ntintay 


Providing 3 mm © 2 legged vertical stirrups made of plain mild steel (Fe 25Q) 


= 
i 


ax A x 8? = 100.53 mm? 


O8T7A,..f, 0.87% 100.54 x 250 


S.= "046. 04300 


302 mm sav Jd00 mm 


Fa 
N| 


Check for maximum spacing 
(() 0.75 d= 0.75 x 559 = 420 mm 
(2) 300 mm 


Provide § 6 2 legged stirrups @ 300 mm e/c throughout the length of the beam. 


@ # £=(Check for development length at support 
M, = a, Ay ja 


Af, = 93033252 Nmm 

V = 43500 N 

,= 8o=8x 16=128mm 
0.8 Nim" 


Il 


For HYSD bars, t,, = 0.8 « 1.6 = 1.28 N/mm* 
o0,, 16x 230 
Development length, L., = 4 tT, 41.28 





= a ae 4-128 = 2266.7 mm 
35 


230 x 804 x 0.90 x 559 (A,, avuilable at support is 804 mm? ns 


no bar is bent up) 


[For 90° bend at the end of bar} 


[for M20 concrete and plain mild 


steel bars, Table 3.4] 


\f 
asst La > Ly hence codal requirements are satisfied. 


Size of Beam = 300 mm * GOO mm 
1-16 mm HYSD bars 


Main tensile stee] = : 
8 62 legged @ 300 mm c/c 


Sturrups = 
Clear cover = 25 mm 
Hanger bars = 2-12 mmo 
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Design of Singly Reinforced Beams 


Ba 2 igd © 
300 mm ce 





| Fig. 6.9, 


a simply sup : a ee - = | 2 ‘ 
| of 8 m. The total design load including self weight is 30 kN/m. Use M20 


ported R.C.C. rectangular beam having 350 mm width and an 
i : 
| sectiv€ Wits 415 steel. Do all the necessary checks. 


ie and 
' At 4 = 350 mm: 
, Given, 
| poution. a f= Ba 
w = 30kN/m = 30000 Nim 
c,=7 N/mm-* | [For M20 concrete] 
a, = 230 N/mm- (For Fe 415 steel] 


Calculation of design constants (k, j and F) 
280 _ 280 
dq, 9x7 


fi 
rt = = 10.09 
Mone — ddd x7 


= ———__— = 929 
mow +O, %IIdddx 7 +290 


k . 0.29 
“he —— = ee oO 
j= 1-3=1--=-09 


R= = ine hj = x7 0.29% 0.9 =0.91N/mm? 
§ Calculation of maximum bending moment (MM) 


P | 2 
il — - 940,000 Nm 


M = — 


240 x10" Nmm 
' Calculation of minimum effective required (¢) 


M [240 x10" 
hey ® bat \ 0.91 x 350 a 
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and Drawing _ 


A.C.C. Design 3 | 
« shear stirrups and 25 mm © for main tenaay 
1 





r cover of 20 mm, gmmoa 


Assuming a clea 
steel. 


Total depth of the beam required = B68 + 20+ 8 + 4 
908.5 


Viana = | 
= 920 mm 


Provide D 
7 = 920-20-8- 25 _ 879.5 mm 
Calculation of ares of steel required 
M 240 x 10° 
Ag = jd — 990 x 0.9 x 879.5 


1318.27 mm* 


Ay = 


L 
ee 


Area of one 25 mme0 bar = 


1918.27 

a — — 68 { LJ * F 
490 9 2.68 say 3 bars 
qx 490.9 = 1472.7 mm 


Number of bars reqd 
A,, provided = 
Calculation of minimum area of steel required (Ag) 


» 
0.85bd 0.85 x 350 x 879.5 





er <F 415 
_ 690.5 mm® < 1472.7 mm’. Hence O.K. 


Check for deflection control 
100.A,, 100 x 1472.7 
pP = 2 SO 
= be 350 x A795 Uae 








131827 


” ¥ Ay primviledd 1472.7 


f= 215 N/mm” [Fig. 6.11 
| 168-134) , 

For P, = 0.4% - . 168-| ———~ 5 —190)=1. 
For P, = 0.4% K, = 1.665 aaa (225 190) =1.51 


1.69 - 1.23 | 
For PF, =0.5% — .oaa=-| ——— 7 , lo- = 
| K = 1.53 (Fan ) (215 190) = 1.38 


. —— ., {161-138 
For P, = 0.48% K = 151 (*L=7S | x (0.48 - 04) = 1.406 


(5) = 20x K, 
max | 


P oy Peete 
. Pea eae ieee Hes 
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Design of Singly Reinforced Beams 





_— 


wn §) = 20 1,406 = 26.12 


4 (’ ~ AOC) ' 9.09 
d purer dale! A706 


a pill. -sene 
| 3 | 7 Ad perarvdilent| Hence O.K. 


jgn for shear 
[rel ie 
Ve where Lin the elear apan 
2 BO-04=7.6m — [Assuming 400 mm bearing] 
30,000 4 7.6 

2 
114000 

ratress, T = 50% 879.5 


= 1,8 N/mm* [for M 20 concrete and HYSD bars, Table 3.3] 


ty, < To ive 


dM 20 conerete, permissible shear strength of concrete (t,) from Table 3.1 


(03-022) 

0.994 8"! (0.48 - 0.25 
Te "(0.5 —-0.25) 
0.29 Nimm* 


t, > t, hence shear reinforcement is required. 


: = 114000 N 
= 0.37 N/ ae 
ominal ahed 

T 


Pe 


por P= qa an 


il 


ih 


neaign of shear reinforcement 

sania Vo = V-t. ,, = 114000 - 0.29 « 350 x 879.5 

V, = 24790.75 N 

Assuming 8 mm 2 legged plain mild steel stirrups, the spacing of these stirrups is calculated 


follows : 





A= ax rte R? = 100.53 mm” 
¢ g,, -A,,.d@ 140 * 100.53 x 879.5 
ee Me 24730.75 
S, = 500.6 mm 
| Maximum spacing of stirrups as per nominal shear 
| 0.87 Asy *fy _ 0.87 x 100.53 x 250 
== O.4b - 0.4 x 350 
| = 156 mm say 150 mm 
Spacing ; 
| 9 075d=0.75 « 879.5 = 660 mm 
{dt 300 mm 
} ‘iY 150 mm ' 


" Provide 8 mm 6 2 legged stirrups @ 150 mm e/e throughout the length of the beam. 
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_A.C.C, Design and Drawing 





Check for development length 
My 





Vr +i, » EL; 
o.0, 26x 280 
y= oS US 
“d= 4t,,  4xL28 sis 
[For HYSD bars 1, = 1.28 N/mm? Ta) 
M,= 0,,.4. Jd  [Nobars are bent up] ‘ble 


2450 x 1472.7 x 0.9 x 879.5 
268114607.6 Nmm 
i, = 0, assuming no bend or hook 


M, 268114607.6 , 
, ( 114000 218mm 
M, | 
ry +fo > he hence codal requirements are satisfied 
@ Design of side face reinforcement 
The depth of the beam is more than 750 mm so it is to be considered as deep beams and «: 
face reinforcement is to be provided along the two faces. a 
Area of side face reinforcement = 0.1% of web area 


1 ec : 
~ —* x 350 x 920 = 322 mm? 
100 °°" = 


Area of one 12 6 bar = rh 12° =113 mm* 


Number of bars required = ee = ?.9 bars 
. Provide two bars of 12 mm oon each face. 
2 Design summary 
Beam size = 350 mm «x 920 mm 
Main steel = 1-25 mmo 
Stirrups = & mmo 2 led @ 150 mm e/e 
Sideface reinforcement = 2—12mm0 on each face 
Anchor bars = 2-12 mm¢ 
2-12 mm 6 Anchor Bars 
8mm 62 Igd Stirrups & 1SOmmcie 





2-12 mm Bars on each face 3/7 





920 mr 


= 
cot 
= 
= 
| 
mA 
e 
= 
i 
el 
as 

= 
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The eantilever beams are supported (fixed jat 
and the other end is free. When such a 
cubjected to loads, it bends downwards as 
in Fig. 6.11. Due to this the upper fibres 
aybjected to tensile stresses and lower ones to 
are + rossi SUTOSSES, Therefore the main steel is 
- laced at the upper face, | 
abe 
: The following points are to be considered while 
jesiening & cantilever beam, 
| i) The main tensile reinforcement is to he 
placed in zone above the neutral axis. 


yne nd 


rat = 
chow fh 


The bending moment ina cantilever varies 
from zero at the free end to maximum at 
the fixed end. hence the depth of the 


section is also kept maximum at the fixed | 
end and minimum (150 mm) at the free c = SFD 


end. It means that the depth of the section a 
is varying along the length of the bean, Fig. 6.11. 


— 


(u 





qi) The width of the beam is kept uniform throughout the length of the beam. 
(iv) The tensile bars in a cantilever beam are to be curtailed 


Note: The effective depth of a cantilever beam may be assumed from deflection control criteria 
if, . | ; . ; 
ie +) ratio. The depth should be taken slightly higher than that required by deflection 

Pr ale 
criteria. 
ss ! 
Fora cantilever beam, qa 7 
Frample on Design of Cantilever Beam 
Example 6.9. ca 


Design a cantilever beam projecting 2.5 m beyond the fixed end and carrying a wll. of 
10 kN/m. Design the cantilever beam. Use M20 concrete and Fe415 steel. 


Solution. Given : f= 2.5 m=2500 mm 
w = 10 kN/m 
|, = 7 N/mm-* [For M20 concrete] 
o, = 230 N/mm" lor Fe 414 steel] 


# Design constants (hk, J, R) (as in last example) 


[ 
7 7 for contilever beam 
a5) 
d= a = 455 mm 
fj 
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& — ALC.C. Design and Drawing 
. Assuming ¢ a total depth of 500 mm at the fixed end and 200 mm at the free end. 
of ike beam is assumed as 250 mm. 

a Load Calculation 

(1) Self wt. of the cantilever (trapezoidal section) 


W = 5 (0.54 0.2)% 0.26 x 2.6 x 25000 [Unit weight of R.c.c. = 25000 yy, ' 
my" 





*Widyy 


| 30 + 0.2) 0.25 = ecross- “sectional area of ha. | 


= 5468.8 N 
It acts at the C.G. of the trapezoidal section say x from fixed end 


Goer E 25 _io7m 


*= | 05+02 3 


(i) Superimposed load = 10 kN/m = 10000 N/m 

= Bending moment (4M) 

The maximum bending moment is obtained as follows : 
(1) BM due to self weight = 5468.8 1. O7 = 5851.6 Nm 
(2) BM due to superimposed load 


1 “ Ps 2 
om = —ss = 31250 Nm 


Max. BM = 5851.6 4+ 31250 - 37101.6 Nm 
M = 37.10 x 10°Nmm 
= Effective depth required (dept) 





a M 137.10 x 10° 
read  V RA 0.91 x 250 
cl = 403.8 mm 


req 
Using 20 mm clear cover, 8 mm o shear stirrups and 12mm 0 bars, effective depth assumed is- 


d = 500-20-8- = = 466 mm >d,_. hence O.K. 


. Provide a beam of width 250 mm and depth equal to 500 mm at fixed end and 200 mm a’ 
free a 


= Area of steel required (A,,) 


_ _M_ _ _ 3710x108 
S,jd 230x0.9x 466 


= 386 mm 


Minimum area of tension reinforcement = A_ 


GS os 0.85bd _ 0.85 x 250 x 466 
3 ff 415 





> 
l 








140 









Design of Singly Reinforced Beams 





iL 


A, = 237 mm’ < 386 mm* hence OK. 


I 


a of one 12 mm 6 bar « 12" -113 mm? 


Are 


No. of bars required = 13°" (say 4) 
_ provide 4-12 mm ¢ bars at the support, A,, 
tt -4x113=452 mm" 
provid 
2g Curtailment of Reinforcement 


At the free end, the BMis zero hence 2 barscanbe & 
Jed at suitable distance where they are nolonger ~ 





aquired to take flexure (bending). 
500 - 200 ' | 
Depth at section XX = 200 + <= — «125 | ile 
. i 
= 350 mm | — ; 


Let us curtail the bars at 1.25 m from support 
BM due to self weight at section LY 


0.35 ee 


i ' Cae 
= & 0.35 + 0.2) « 0.25 « 1.25 25000 * feo 02 3 


= 2441.4 Nm 


O00 12S oe . 
BM due to imposed load = Se Nm 


Total BM at X-X - 4394.5 Nm = 4.39 x 10° Nmm 


M 


Ast required at A-A = o,jd 


a 


= _. ee ldx-1 -350-20- 8-12 =316 mm| 
~ 230 0.9x 316 ‘ 2 


= 67.2mm- 
which is much less than area of steel available here te. 2 * 113 = 996 mm”. 
Minimum distance at which a bar can be curtailed from fixed endisL, 
0. o rl | 


L, = Sie 


1I2*230 | 
— a — b- ‘} 1 
= 7x18 = 540mm < 1.25 m 


Hence two bars can be safely curtailed at a distance of 1.25 m from the face of the support. 





Otherwise also as per SP 34-50% bars can be curtailed at a distance > : provide : > Ly. 
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q> | R.C.C. Design and Drawing 
8 Check for Shear 
S.F. at the face of the support = V 
V= Wewi 
= §648.8 + 10,000 x 2.5 
V= S0048.8 N 


| : \V J0648,8 
Nominal shear stress Tyee 5 : ap ani 


0.26 Némm* < 1.8 N/mm" [t,.,.. = 1.8 N/mm? Table 3 
L] d 


A 
ll 


T, < Tomax hence O.K. 


Design shear strength of concrete (1) 


100A,, 100 452 | . 
hp bf 250% 464 laid 





For M20 conerete and P, = 0.38%, Table 3.1 
0.390 - 0,22 | 

ee O08. a 89-008 

Ls T 050-025 ~f0.39- 0.25) 


0.265 N/énm* 


“. T, <t, hence no shear reinforcement is required. But providing nominal shear reinforcemers 
Assuming 8 mm ¢ 2 led stirrups 


A, = 2x ris 8* = 100.5 mm* 
O.B7 f A, 
Spacing of stirrups= S, = ———~—— 
sii ———! 0.4b 
0.87 = 4151005 — 
ae aeo Seem 
The spacing of shear stirrups should be least of following: 
(1) 0.75d = 0.75 «x 464 = 348 mm 
(1) 380 mm 
(a) 362 mm 
“. Provide 8 mm 6 2 Igd stirrups @ 300 mm e/e throughout the length of the beam. 


® Check for development length 
In the cantilever beam, all the tensile reinforcement bars must go into support for a distance L, 


L, = 540 mm (say 600 mm) 


The details of reinforcement are shown in Fig. 6.13. 





142 





—- = = 


EO  —  ———— Ss ee ee LL oa 








Design of Singly Reinforced Beams 


1.25 m 


500 mm 


-2=—10 mmo Anchor 





8mm 2 Igd stirrups @ 300 mmc'c 


$+ om 
| Section at Section at 


300 mm | 
end cover = 20 mm clear cover = 20 m Support mon 
end cover = 20 mm 


L-Section of a Cantilaver Beam 


Fig. 6.13. 
= Design summary 
Size of beam = 250 mm x 500 mm at support 
250 x 200 mm at free end 


Main bars = 4-12 mm 6 bars, out of these 2 bars are curtailed at a distanc 
1.25 m from support 


Shear stirrups = 8 mm 6 2 lgd @ 300 mm c/c 
Anchor bars = 2-10mm 6 


— OBJECTIVE TYPE QUESTIONS = 
RR eT = 


(A) Fill in the Blanks : 


L. Singly reinforced beams are those beams in which reinforcement is provided in 
_ zone only. 
. ——__ forms the compression flange of a T-beam. 

If the depth of the beam is more than ____ it is called as deep beam 

+ The unit weight of R.C.C, is taken as _ : | 

© ChMGEE Breccia Ricasedae Ruccdl nasa Terese tesla mnt 
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CHAPTER 


DOUBLY REINFORCED BEAMS 


Analysis of a Doubly Reinforced Beam 












Introduction Veths 







7.2. Necessity of Doubly Reinforced by Working Stress Method | 

Section 7.6. Types of Problems in Doubly Reinforceg 
7.3. Analysis of Doubly Reinforced Beam Beams 

by Limit State Method 7.7. Steel Beam Theory 






7.4. Design of Doubly Reinforced Beams 
for Flexure 


7.1. INTRODUCTION 


The R.C.C. beams in which the steel reinforcement is placed in the tension as well a: 
compression zone are called as doubly reinforced beams. The moment of resistance of a balanced 
R.C.C. beam of dimension b x dis Rbd”, Sometimes due to head room constraints or architectural 
considerations the size of the beam is restricted and the same beam (6 x d) is required to resist 
moment greater than Rbd*, There are only two ways in which it can be done. 

(1) By using an over reinforced section. 

(“) By using a doubly reinforced section. 

The option (1) 1s not a good choice because over reinforced sections are uneconomical and the 
failure of these beams is sudden without warning. Therefore, it is better to use doubly reinforced 
beam section in such circumstances. The extra steel provided in the tension and compression zone 
constitutes, the additional moment of resistance (greater than Rbd~) required. This chapter includes 
a and design of doubly reinforced beams by limit state and by working stress 

me , 






7.2. NECESSITY OF DOUBLY REINFORCED SECTION 
a 


Doubly reinforced sections are used in the following conditions : 
1. When the dimensions (} x d) 
availability of head room 
resistance of singly re 


of the beam are restricted due to any constraints like 
oom, architectural or space considerations and the moment of 
inforced section is less than the external moment. 


. When the extern 
al loads may occur on either face of the member i.e. the loads are alternating 


or reversing and May ¢ 
; ause tension on he ‘ns "+ |. 
— When the loads are eccentric 1 both faces of the member. 


When the beam is subjectoa 4... 
In the case of continuous beams ota or sudden lateral loads. 
as . rsia } a 
doubly reinforced sections, the sections at supports are Benerally designed 4 
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Doubly Reinforced Beams cp 
gif a er — 
LMT STATE METHOD: DOUBLY REINFORCED BEAM 


1g, ANALYSIS OF DOUBLY REINFORCED BEAM 





. doubly reinforced beam has moment of res] 
3 e168 doubly reinforced beam subjected to 
: f two sections as shown in Fig. 7.1. 


stance greater than that of balanced section. 
a moment Mu can be analysed by considering 1! 


Th 


fu consist “ 





Section Section ] Section 2 
Fig. 7.1. Doubly reinforced section. 


Section 1: Section 1 consists of a singly reinforced balanced section having area of steel A... 
andmoment of resistance M_ ,_. 

Section 2: Section 2 consists of compression steel A. and additional tensile steel A,, 
corresponding toA,.. The moment of resistance of this section is M,. such that 


M = M +M, 


u fem 


Let us consider a doubly reinforced beam shown in Fig. 7.2. 


0.0035 0.446 f., 
¥ sabes ——— 





fa} (b) fel 
Fig. 7.2. 
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| R.C.C. Design and Drawing | 
Width of beam | 
= Depth of neutral axis 

> Effective depth of beam 

= Stress in compression stee! 





= 
a 
a 
o 
i 


. a.” 
T] 


Effective cover to COMPTeSsion step] 
= Stress in concrete at the level of Stee] 
~ = Area ofcompression stee! 
. A,, = Areaoftension stee] 
7.3.1, Depth of Neutral Axis (x,) 
The depth of neutral axis ofa doubly reinforced beam section is obtained by equ 
ti I 


ai 
i! 


P| 


a 
it 


i 


compression und total tension. 
Total compression = C ,+C, 
where C, is the force carried by the concrete area 
C, is the compressive force carried by compression stee] A,. 
C, = 036 f,.b.x, 
C= fA, -f..A, 
The term f.. A, accounts for the loss of concrete area occupied by com PTession Stee] 
Total compression = 0.36/,, ty 4f oA fA | 
0.96 7, bx, + (f= f AL 
Total tension = T 
T= O87f.A, 
Equating total compression and total tension, we get 
0.36 fbx, +(f-fJA, = 0.67 f .A,, 


. 0.87 ie Ay =(f a fr )A,. 
“= 0.36 f., .b | 


Since /,, is very small as compared to/,_, it can be neglected, 


0.87/,A,, -f,.A, 
Tt = EE 


u O46 fy ob 


7.3.2. Moment of Resistance 
The moment of resistance of doubly reinforced beam is obtained from the stress diagram 
shown in Fig. 7.3. 
a *. # ! : i li 
Stress diagram (b) gives the limiting moment of resistance é.e. M ),, corresponding to i 
section 1 of Fig. 7.1 
Min = C,» Lever arm 
Mu, = 0.36 f,.6.x, (d¢-O42x7,) 
Stress diagram (c) gives the additional moment of resistance M 2 forresponding to sects 
Fig. 7.1. 


nile 





146 





____ Doubly Reinforced Beams © 





T« T, 4" Ts Lp = OBA, 


Ty = 0.87, ! Ave 
(alStress diagram (6) Balanced section 
Fig. 7.3. 
My» = Cy x Lever arm 
(/,.A,.-fA,.) (d -d’) 
Mix = Luon-hydAy (d-d') If...A,, is due to loss of area of concrete) 

My = Matin + Myo 

M, = 0.36 f,,6x,(d-0.42x,)4+(f.-f)A,. (d-d’) 
[floss of concrete area is neglected then 

M, = 0.96 fbx, (d-0.42x,)+f,. A, (d-d’) 


The value of fse depends upon the amount of strain in compression steel which is obtained 
fom the strain diagram and d’ value, Ife,, in the strain in concrete at the level of compression 


stee! then 


(c) Additional section having M,, 


0.0085 Cee 
x, (x, -d’) 


o.anas( “a | 
+ i 


ti 


0.0035 t sf 


eal | 





[From similar triangles in strain diagram] 





mi 
ll 





e. 


Corrosponding to this e,. value, stress (f,.) in compression steel can be obtained from the 
stress-strain curve of the given type of steel (Figs. 5.2 and 6.3, Table 5.1) or from following Table 7.1. 


TABLE 7.1. Stress in Compression Steel (f,,) Nimm* 


[as [ee [one oo 










Grade of Stee! 
f (N/mm 7”) 
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- Fe 250 is 217 N/mm’ [0.87 f, =0.87 « 259. 217 mr 
[ 


The table clearly shows that stress i | 
Or at 


values of a equal to or above 0.05 


Note: For intermediate value of o , the next higher value may be used for finding hing 
Table 7.1. : 
Procedure to find out the moment of resistance of the given section. 

Heam dimensions Le. b xd 
A, = Area of compression steel 
A, 
Type of steel and grade of concrete 
d* = Cover tocompression steel 


(riven : 


Area of tensile steel 


Procedure : 
ft 
1. For the given of steel and = ratio, determine {| from Table 7.1. 


9 Determine the depth of neutral axis (1, ) 
0.87/,.A, -f,..A, 
3. Determine x, ,,,, and type of beam by comparing x, ond x, as 
4. The moment of resistance of the section is calculated as: 
M, = 0.96 /,, 6.x, (d-OA2x, 14(f. — fie Aye (at -d") 
Neglecting /, since it 1s very small. 
M, = O.96/., b.x, (d-O0.42x, )+f,,.A,.(d-d") 
() fx, <x, ,,,.. under-reinforced section and M, is calculated by above equation. 
(i) fx, >, mos over-reinforced section and M, is calculated by using x, =X, pq, iM the above 
equation. 


ns )=6SOLVED EXAMPLES EEE 


Examples on Type I: Determining Moment of Resistance 


Example 7.1. 0 — 

Determine the factored moment of resistance of a beam 230 mm x 460 mm feliectv 
The beam is reinforced with 2-16 mm diameter bars on compression side and d-+ 
mm diameter bars on tension side. The compression bars are placed at a distance ° 
40 mm from top. Use M20 concrete and Fe 415 steel. 


Solution. Given, 6b = 230 mm, 
d = 460 mm 


A 


ur 


li 


2x = «16? = 402 mm’ 
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Doubly Reinforced Beams 


4d x ; 2/)+ _ 1256 mm* 


40 mm 
20 N/mm? [For M 20 concrete] 
- 415 N/mm (For Fe 415 steel] 


40 
+50 


>= : af 
0.087 and Fe 415 steel, the value of f_ is taken for 3a = 0.1 
353N/mm* [from Table 7.1] 


(x) 


O87 f, = a fA, 
- 036 5 


- 087x415 x 1256 - 353 x 402 
0.36 » 20 * 230 
158.15 mm 
0.48 d= 0.48 x 460 'Table 5.2] 
= 2320.8 mm 


> x... Hence the section is under reinforced 


Resistance (Mu) 
= 0.36 f,,b2,(d-0.42%,)+f A (d-d’! 
= 0.36 x 20 x 230 x 188.15 (460 — 0.42 x 188.15) 
+ 353 x 402 x (460 - 40) 


ij | 


1(,8303962 N mm 
178.3 kN. 


H 





Find the factored Moment of resistance of an R-C.C. beam 300 mm «x 450 mm (effective). 
The beam is reinforced with 4 - 25 mm diameter bars in the tension zone. 2 —- 20 mm 
diameter bars are placed at a distance of 50 mm from top in the compression zone. 
Use M 20 concrete and Fe 415 steel 


Solution. Given. 5 


= 300mm, d=450 mm 
= $x x25° = 1954 mm* 
= 2x x 20° = 628 mm” 


= 50 mm 
= 20 N/mm 
- 415 N/mm 
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. r _ 
v= 0.11, next higher is 0.15 hence for dq. = 9-15 and Fe 4); 


[For Tay 
' able 7 I; 
= Depth of neutral axis (x,) 
0.87 f, Ay ~ foc-Ase 
x, = ~ 036f4.b 
0.87 x 415 x 1964 — 342 * 625 
“0.36 x 20 300 
x, = 228.55 mm 
= 0.48 d - 0.48 « 450 


Xu max 


x, oe 216mm 


[| 

; Tables 5 
™ Xi > Sumas Hence the section 1s over reinforced. " 
L| 


Moment of resistance (M,,): M,, is calculated by taking x, =x, = 216 mm 
M, = 0.36/,,0x, ...(¢-O42x, .)+f-A, (d-d’) 
= 0.36 x 20 x 300 x 216 (450 —0.42 x 216) + 342 x 628 (450 _s, 
= 243536076 N mm 
= M, = 253.53 kNm 
Example 7.3. 


——. mA ee 

A rectangular beam has a width of 250 mm and effective depth of 500 mm. The 
beam is provided with tension steel of 5 bars of 28 mm diameter and compression 
steel of 2 bars of 25 mm diameter. The effective cover to the compression steel beinz 
50 mm. Calculate the ultimate moment capacity of the section, if f;, = 20 N/mm’ and 
f, = 250 N/mm”, [BTE Delhi 2008) 


Solution. Given. & = 250 mm, d = 500 mm 


A, = 5x 7 x 28° = 3078.7 mm” 


A= 2x2 x 25° =98L.7 mm" 
a = 50 Tit 
hs = 20 N/mm” 
f, = 250 N/mm” 
7 d 650s 
_ d = 500 71 
For 7 = 0.1 and Fe 250 
f,- = 217 N/mm” [Table 7.1 
Note: For all . , a! 
For all Values of o » for Fe 250 


fe = 0.87 f, = 0.87 x 250 = 217 Nimm? 
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Doubly Reinforced Beams 167, 
nepth of neutral axis (x, ) 
a 


= e_—_——__—— 
, 0.36 F,.5 






_ 0.87 x 250 3078.7 - 217 x 981.7 
= ———$——_ es rene 


0.36 x20 x 250 
x, = 253.66 mm 
ul X mar = 0-53 d= 0.53 x 500 (For Fe 250, table 5.2] 
x = 765 mm 


“i Le 


a ieee Hence the section is under reinforced section 


« Moment of resistance (M,,) 
M, = 0.36 f,,b x, (d-0.42x,)+f.A, (d-d') 
= 0.36 x 20 x 250 x 253,66 (500 — 0.42 x 253.66) + 217 x 981.7(500 — 50) 
M, = 275.51 x 10°Nmm 
M,, = 275.51 kNm 





mole 7.4. 
P canalen the moment of resistance of the beam having the following data. 
6= 350mm: d=900 mm, d = 50 mm 
Tension reinforcement = 5 - 20 mm dia bars 
Compression reinforcement = 2 - 20 mm dia bars. 
Use MI5 concrete and Fe 415 steel. 


Solution. Given 6 = 350 mm, d = 900 mm 

A, = 5x4 20? = 1571 mm” 
Anis Bx 7 x 20? = 628 mm* 
d’ = 50 mm 
fy = 15 N/mm? 
f, = 415 N/mm* 
d* _ 50 _ gos 

- a peg 

For o = 0.05 and Fe =415 [From Table 7.1] 
f= 351 N/mm” 


8 Depth of neutral axis (x,) : 
0.87 fy-Ag —freAse — 0.87 x 415 x 1571-351 x 628 


su = “Tag f,b 0 x15 x 350 
x, = 183.45 mm 
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BG x = 0.48 d = 0.48 x 900 = 432 mm 


fd FPUEE 


Box <x Hence the section is under reinforced 


lM Fra 


& Moment of Resistance (M,,) 
M, = 0.36 fy bx, (d-O0A2x,)+ fA, (d -d") 
0.36 x 15 x 350 x 183.48 (900 — 0.42 x 183.48) 
500) = 


472740074 Nmm 
M. = 472.74 kNm 


Example 7.5. 
Find out the ultimate moment of resistance of a rectangular beam 300 mM x 550, 
The area of tension and compression reinforcement are 2500 mm” and 400 
respectively. Take effective cover as 50 mm. Assume M 25 grade of concrete and Fy “d 
steel. 





Solution, Given : 6 = 300 mm 
d = 550-50 =500 mm 
A, = 2500mm* 
A. = 400 mm* 





fi, = 25 NI mm* [For M 26 concrety| 
f, = 500 N.mm* [For Fe 500 steel] 
ad’... 80.4% 

' a > S00" 


For Fe 500 steel and c — 0.1 from Table 7.1 


f,. = 412 N/mm* 
e Depth of neutral axis (x,) 


O.87 x f,A., =f As. 
yu ~ 0.356 /-, b 





0.87 x 500 x 2500 -— 412 = 400 
a 0.36 x 25 x 300 


x, = 341.7 mm a 

. Xymux = 0.46 d (For Fe 500, table 5 
= 0.46 x 500 
x = 230 mm 


id Thole 





(i0n 
the mo *X,, max: Hence the section is over reinforced. As per code, for an over- -reinforced se 
ment of resistance is limited to balanced moment of resistance. 


*y = X, maz = 230 mm 





152 





— Doubly Reinforced Beams 


re — 


ar 

| Moment of Resistance (Af) 
M, = ON6f, b Xi mor (1 -O42x, + fA, (id -d’) 
M, = 0.56 26 » 400 x 290 (500 - 500 % 0.42 x 230) 

+412 x 400 (600 — 50) 





M, = $24671400 Nmm 
M, = 324.07 kNm 


14, DESIGN OF DOUBLY REINFORCED BEAMS FOR FLEXURE 





Pesign at doubly reinforced hear renerally COMPpPriges of determining aren of tension and 
_ession steel as dimensions of the beam ure already fixed (or restricted). 


compre 
petermination of A,, (ref. Fig. 7.3) 
Area of steel corresponding to singly reinforced balanced section (section 1) =A,y, 
\ M Hi lim 
j - OO... 
"1  (OBTf, (d -0.42x, wae) 
Area of steel corresponding to section 2 = Ay. 
Moment of resistance of section 2 
M,,, = M,-M, lim 
Mug = 0.87 fF, Au, (d-d’) [Considering tensile steel] 
or M,, = |f.A-f..A Md -d’') [Considering compression steel] 
Me 
Ay. = —————— 
: O.87f, (d-d’) 


A, = Aur, +A, 


Determination of Area of Compression Sleel 
M,,., = (f., A, at oo Md -d") 
Neglecting loss of concrete area 
M = f, A,(d-d") 
M 0 
A 2. Roo oy 
a (a-d’) 
The various steps involved is the design ofa doubly reinforced beam are as follows : 
Given: Dimension of the beamtec. b x Dorb xd 
Grade of concrete and type of stec! 
Factored bending moment (MM) 


# 


. | # J ry ! 
1. Determine the value of f,, for s rutio from Table 7.1. 


r + ’ P a '. & : 
é. Determine x he limiting depth of neutral axis and M 


Ee 
Mio, = 0.36 f,,b(d-042x, 0} 


uw lon 


w lin 
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3. Determine A,,, 7 
ulim 





Ay, = 0.87 f, (d - 0.42%, max) 


af) 


4. Determine M,, and A,,, 
M._. = M,-™, lim 


M0 


Ay, = 0.87f,(d-d’) 


5. Determine A,, 
1,= tAg, , Choose suitable dia 
A, A., lameter of bar ANd proy 


6. Determine area of ecemsinili _ (A...) POVide bey 
M2 


Ae = Fid-d) 
Provide A, by choosing suitable diameter of the bar 
7. Check for deflection control 


100 Ay, ‘? provided 
= df = 0.58 __#f provided 
and /, = f E A | find from Fig g, 


For Bh= 7 Nas 
p, = ae find #, from Fig. 6.2 

oe = 20xk,xk, [For simply SUPPOTLed bese 

(Ss) = 7xk, xk. [For cantilever bean 


(i l 
If (z) > (F) then O.K. 
d max =| d provided 


If (4) < (4) then redesign the section 
max * / provided 
Note: Design for flexure is till step 7, however for full design of beams follow the steps 8,5 
and 10 also. 
8. Check for shear is to be done in the same way as explained in chapter 5 
9, Check for development length by satisfying codal provision 
ot +l, > L, 
yo 
10. Design summary and a sketch showing reinforcement detailing. 


Probiems on Design of Doubly reinforced beams for flexure only 


Example 7.6. a mT 
tored Moment 


An R.C.C. beam 230 mm x 500 mm effective is subjected to a fac : 
200 kNm. Find the reinforcement required. Use M 20 concrete and Fe 415 stee 
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230 mm, 








oo 
Il 





on Given d = 500mm 
etior M, = 200 kNm = 200 x 10° Nmm 
f., = 20 N/mm? 
f, = 415 N/mm? 
d’ 50 
P d 500 
= 0.1 jasauming 0 mm effective cover for compression steel] 
f,. = 353 N/mm (from Table 7.1] 


moment of resistance (M, ,._) 
M, lim = 0.36 hes b, Xo max (d-0.42 xy max) 
x = 048d [Table 5.2) 
0.48 x 500 = 240 mm 


Al Limiting 


Mi jim = 9.36 x 20 x 230 x 240 (500 - 0.42 x 240) 
= 158658048 Nmm 
4 M,,, = M - Min 
= 200 x 10°~ 158658048 
M. = 41341952Nmm 


bey 
s Area of tension steel (A,,) 
A = Ag, +A 


sf any 
M tim 
_ 158658048 
~ 0.87 415(500 - 0.42 x 240) 
1100.7 mm* 
M,, 
“a 087 /,(d-2') 
41341952 
= 0.87 x 415(500 -50) 


954.2 mm” 


A 


iW 


Total area of tension steel = Ayr, phn, 
= 1100.7 + 254.2 = 1354.9 mm* 
| | Tq og? _: 9 
Area of one 20 mm bar = 4 x20" =314 mm 


1354.9 
No. of bars reqd. = 314. — 4.3 say 5 


. Provide 5-20 mm diameter bar as tension steel. 
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@ Area of compression steel (A,.) 
Af, 


A. = 7d-d) 


Bae 
3A9 (500 - ot)) 





A_ = 260.2 mm 
- Area of one 16 mm dia bar= te 6° = 201 mn 


260.2 “3 
—=]dsay 2 


No. of 16 mm dia bars reqd. = 20] 
Provide 2 - 16 mm diameter bars as compression steel, 









Example 7.7. 
A beam 250 mm x 550 mm effective is subjected to a factored bending ing mon : 


Determine the area of steel required. Use M20 concrete and Fe 250 
Mey 


Assume d = 50 mm. 


Solution. Given : & — 2950 mm 
d’ = 50mm 


M. = 300 kNm = 300 x 10° Nmm 

= 20 Nim” (For M20 con 
f, = 250 N/mm [For Fe oie, 

a’ _ 60 _ 
ad ool) 

0.09, taking next higher value ie, 0.1 


; Phi 
Bo 
| 


d’ vere 
0.1 and Fe 250 [From Table 7; 


217 N/mm 


tl 


é 


# Limiting moment of resistance M, ,.., 
Mi tin = 0.96 fb. x, yy (d- 0.424, oad 
Xe = 0.530 
= 0.55 » 550 = 291.5 mm 
M,),, = 0.96 * 20 « 250 x 291,515 
= 2244545979 Nmm 
= 224.5% 10°Nmm 


IF’rom Table’. 


wo) — OA x 2915) 


iy Jinwy 


My, = M,-M 
= 300* 106-22494n9079 
= 7065402] Nom 
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"of tension steel (A,,) 





4 i M stim 


s 0.877, (d-049x%.-77 
y 0.87 f, (d - O42 x, ay) 


_ 224345979 
0.87 x 250(550~0.42x 291.5) = 2412.4 mm? 
M, 


A = ——_—__* 
ee 0.87 f, (d-d") 


7564021 , 
0.87 x 250(550-50) = 695 mm 
Ay = As, +Ag, = 2412.4 + 695 
A, = 3108.1 mm? 


os ia bar 


T or2 ' z 
Area of one bar = 4°" =490.8 mm* 


3108.1 


No. of bars reqd. = joos8 7 OS say 7 


provide 7-25 mm diameter bars. 
s Area of compression steel (A_) 


4 = us 75654021 
we fF (d-d')  217(550-50) 
A_ = 692.3 mm 

Using 16 mm diameter bar 


Area ofone bar = = x 16° = 201 mm* 
692.3 
201 

-. Provide 4 - 16 mm dia bars. 





No. of bars reqd 


i 


= J.4 say 4 


tiample 7.8. 


esign 4 rectangular beam 230 mm x 600 mm over an effective span of 5 m. The 
“Perimposed load on the heam in 50 kNém. Effective cover to reinforcement is taken 
530 mm. Use M 20) concrete and Fe 415 steel. 


lution. Given, 


b = 230mm, d = 600-50=550mm 
f= 5m f, = 20 N/mm* 
Imposed load = 50 kN/m f, = 415 Nimm? 
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= Design or factored lond ae 
Selfweight = 0.24 * 06x 1x 25=3.45 kN/m 
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Imposed load = 50 kN/m 
a Totalload = 63.45 kKN/m 
Design load/factored load = 1.5% 53,45 
w, = 60.175 kN/m 


[Unit weight of Rc Czy 
SO by 
al fpl 


B Design moment (M,) and design shear (V,) 


w, U2 80.175 x5" 





Me RB 5 
M, = 250.55 kNm 

| 80.1755 
V, = wy, = _ 
V, = 200.4kN 


# Limiting moment of resistance (4M, j,,) 
Min, = 0-36 fen 8 - 2 omar (d-O.42 x, a) 
Xu mx = 0-48 d = 0.48 x 550 = 246 mm 
0.36 x 20 x 290 «x 246 (550 — 0.42 x 246) 
181966711.7 Nmm 
B Since M, > M, ,.. the section is designed as doubly reinforced beam 


i 


[Tables 


A t. lim 


ia Mya = M, —My jm = 250.55 x 10° - 1819667117 
= 68583288.3 Nmm 


= o = 0.09, taking higher value of 0.1, from Table 7.1 
*) * 


ul 


-9 WI 2 
< = 353 N/mm 


B Area of compression steel (A,) 


4 = — fue __68583288.3_ 
“™  f (d=d') 353(550-40) 
Using 16 mm diameter bar 


= 388.6 mm* 


Area ofone bar = 7 x16? 


Number of bars reqd = ae =1.93 
« Provide 2-16 mm dia bars. 


Ay provided ~ 402 mm* 
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a of atec * 
g Are 
Ae a tl 1819667117 
BTfy(d-042 x, 4.) 087x415 (550-042 x 246) 
Ay, = 1128.3 mm? 
Ay, = =! —__68583288.3 ~ 48 “ 
: 0.87 fy (d-d") ~ 0.87% 415x«(5 60-60) — 
A, = 1128.3 + 380 = 1508.3 mm? 
Using 2 mm dia bars, 


it | 
Ay = 7% 20° =314 mm? 


: 1508.3 
Number of bars reqd = 314 > 4.8say5 


| ' Provide 5-20 mm dia bars, (A,, provided = 1570 mm?) 
| Qut of them two bars are curtailed at a distance of 0.08 / = 0.08 x 5000 = 400 mm from the 
— gupperts. 
g Check for deflection 
100.A,, 1001570 











P, = — =—_______ =] 95 
bd 230x550 0” 
100.A,. 100 402 
P = —- - OF 
. bd 230x550 
f= 058f,| 2% |- 058% 415| 1208] 
: F | Ag provider! 1570 
f, = 231 N/mm? 
For P, = 1.25 and f, = 231 frum Fig. 6.1. 
_ (1,12-0.95) ' | 
r= 112 -———— x (231-190) =0.98 
M (240-190) \ 
For P= 0.31 and f. = 231 N/mm* from Fig. 6.2 
(114-108) : 
- 1.08 + ————_ x(0.31-0,25)=1.09 
+= PP Toe eae 


i 
(5) = 20xk, xh, = 20 « 0.98 x 1.09 = 21.36 
“ / mie 
L 5000 | 
s = “erq = 9,09 < 21.36 


x; h OK. 
provide! Ee 


_—_— 
Rj~ 2 
5 
ba 
VW 
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a Design of shear 
V, = 200.4 kN 
F if 4 : # 
Vy, 200.4 x10" 1.58. N/mm? 
Tt. = hd OO x oa0 


* a Tale ‘< 


' | ; nt ye = 49 mi : 
A,, at support = dx 4 x 20 O42 mm 2 bare oe 


100.A, _ 100x942 _ Mail. 
be 230 * 650 
For M20 concrete, P = 0.75 from table 5.5 
tr, = 0.56 N/mm* 

‘ t, >t, hence shear reinforcement is to be provided 
Shear resistance of reinforcement, 

V. = V-1t,,= 200.4 10° - 0.56 x 230 x 559 
Using 2 legged 8 mm 6 vertical stirrups 





= 129569 N 


A 


at! 


2 x : « 8? = 100.5 mm? 


0.87 fy Ag 4 0.87 415 x 100.5 * 550 
—— OO 

ae 129560 
154mm say 150 mm 


Spacing of stirrups, S, 


ll 


Spacing as per normal reinforcement 
— OBI) Ay 0.87% 415 x 100.5 
v= "0460.4 x 230 = 394 mm 

The max spacing should also be less than following : 

(1) 0.75d = 0.75 550 = 412.5 mm 

(2) 300 mm 

“. Provide 2 led 8 mm 6@ 150 mm 
The arrangement of reinforcement of bars in shown in Fig. 7.4 


2igd Bmmo @ 150 mm cic 
2~ £16 mm bars 


“5 = #20 mm 


3— #20 mm bars 





a 
230 mm 
Section at mid-span Section at suppr 





5m 


L-section 
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| ee 
Ex8 P avular R.C.C. beam is 2(K) mm wide and 500 mm deep. It is reinforced with 4 
A of 25mm diameter in compression. Find out the area of tensile reinforcement 


a | Also find out the moment of resistance of this section. Use M 20 concrete 
ree 950 steeL Assume cover for tension reinforcement = 50 mm. 


ytion. Given. 5 = 200mm 
ail a= 600—- 50 = 450 mm 
f, = 20 Nimm?* 
f, = 250 Némm? 


tome? | é 
A, = 4*2%25° = 1963 mm” 





d*’ 50 ... g¢ ie 9 
E d= 450 70-11, for — and Fe 250, f,, = 217.5 N/mm 
ra Xumax = 0.53 d = 0.53 x 450 = 238.5 mm 


s Area of tension steel (A,,) 
A. is calculated by equating total compression and tensile forces 
0.36f,b.x, +fA,. = 0.87f,.A, 


0.36 « 20 « 200 * 238.0 + 217.5 « 1964 =0.87 250«A,, [assumingx, =X, max: for balanced 
section] 


A,, = 3542.0 mm* 


§ Moment of resistance (Af, ) 
Mo = M4. +M,, 

Mim = 0.96 fy B. X, ming (E—-U-AZX, may) 

0.36 x 20 x 200 « 238.5 (450 - 0.42 x 248.5) 


120145615 Nmm 


i) 


M,, = fA, (d-d’) 
217.5 x 1963 (450 — 50) 
= 170781000 
M. = 120145615 +170751000 = 290926615 Nmm 


1 


a MM, = 200.9 kNm 
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WORKING STRESS METHOD : DOUBLY REINFORcEy ee 
Nene eee, al 


7.5. ANALYSIS OF A DOUBLY REINFORCED BEAM BY WORKING STRES¢ . 






ib) Equivalent section in 


terms of concrete Eran 


Fig. 7.5. Doubly reinforced beam. 


7.5.1. Modular Ratio 


vi ] 5 ae ) 
(a) Modular ratio for tensile steel is taken as m where m = — a 
a rhe 


(6) Modular ratio for compressive steel is denoted by m, and is taken as 
m= 15m 

As per IS 456 (Table 2.2) the compressive stress in steel in the compression zone is calculate! 
by multiplying the stress in surrounding concrete (a“) by 1.5 m but this value should not exces 
the permissible stress in steel bars in compression .e a, as given Table 2.2 of Chapter? 
7.5.2. Equivalent Section 

The equivalent or transformed section of the given doubly reinforced beam in terms of cone 
is shown in Fig. 7.5 (6). In this equivalent section 


(a) The tensile steel area (A,,)is replaced by an equivalent conerete area i.e, m. A, and: 
| ig are ges . 
stress in this equivalent concrete area is er! 
= 


(6) The compression area consists of : 


@® Area of concrete above the neutral axis excluding the area of compressive steel Le. 6.1 “A, 
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g The area of compression stee 





IA, is replaced by an equivalent concrete area Le. mA, 
Netcompression area = bn-A 4m 4 
i - e* +3. 


= b.n+ (mm. —] AL 
; é IS i k wiv r : | T iis i ; i # é Lt + 
found as 


oO. = m_.a* 


o. Lo mic’ 


7.5.3- Critical Neutral Axis (n,) 


The depth of critical neutral critical 4X15 1s obtained by the same method as that for singly 
reinforced section t.e. using the permissible stress values 


From the stress diagram 





Tn, al, 
|  d-n, 
m 


which is same as that for a singly reinforced section. 


7.5.4. Actual Neutral Axis (n) 


The actual neutral axis of a doubly reinforced section is calculated by taking the moment of 
the tension and compression area about the neutral axis. 
Moment of compression area about neutral axis 


Moment of tensile area about neutral axis 


| : fl P #) 
Moment ofcompressionarea= 6.1 a ~A(n-d")+m,.Al(n-d") 


~ sh +(m, -DAL(n-d") 


Moment of tensile area about neutral axis 





= mA_(d =n) 
Now equating them, we get 





+(m,. -DAL(n-d")= mA, (d =n) 


bn? 


“a +(LoOm=-1)Alin-d") = mA. (d — mn) 
The above equation can be solved and actual neutral axis depth ts obtained. 


7.5.5, Stresses In the Section 
: The stresses diagram of a doubly reinforced section is shown in F it. 7 ite). The stresses 
developed in steel and concrete are as follows: 


() Maximum compressive stress in concrete = o_,. 
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(ii) Stress in equivalent concrete at the level of compression steel = q: 


t 


(iii) Stress in equivalent concrete at the level of steel tensile stee] . Sa 
"Wy 


; ase ' = 
(iv) Stress in compression steel m.o; = Loma, =9,, 


(v) Stress in tensile steel = 0, 


7.5.6. Moment of Resistance 


The moment of resistance of a doubly reinforced section is calculated by tak: 
the compressive forces about the centroid of tensile reinforcement, T “Ing th 






he eo emo, 
a C | m ' ; : 
shown in Fig. 7.6 (c). PFeSSivg fon 
ark 
Cs (m, ~ TAL 
Von bn ; 
imi —_ 
d-nw3 
a../m + 7T=0871 A, 
lg—" ss! ry 
(a) Section (6) Stress diagram (cl) Force Diagra 
ie 7 


Fig. 7.6. 


The moment of resistance of the doubly reinforced beam (M) is written as 
M, = M,+M, 
where M, is the moment of resistance of the similar balance section without COMpression stee| 
M, is the additional moment of resistance provided by the compression steel. 
M, ae of the compressive force is concrete about the center of tens 


= C, x 
ey , ; - — ea 
where C’;, is the compressive force carried by concrete 


1 “on 
M, = Feb bn(a-2) or Rbd* 


M, = C, x (d-d’) 
where C, is the compressive force carried by compressive steel. 
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= Equivalent area in terms of concrete x Compressive stress 
Cz, = (m, -1)A, x of 


M, = (m, -lA,.a!fd-d’) 
= (15m-1)A, .0%(d-d’) 
M 


I) 


1 d - 
M, = 5 cterb.n.| 5 |+ (1.5m -1)A,.-0%(d-d’) 





pic expression ao’ is calculated from the stress diagram. 
y this®* 


| 


# 
On. a 


no 806” 7 (From similar triangles] 


n-d' 
a. O ebe n | 


TYPES OF PROBLEMS IN DOUBLY REINFORCED BEAMS 
7.6. | = 








1 Determination of moment of resistance of the given section. 
7" Determination of actual stresses in concrete and steel. 


3, Design of the section. 
7.6.1 Determination of Moment of Resistance 


Given : 
j) Dimension of the beam section (band d) 


iz) Area of tensile steel (A,,) and area of compressive steel (A_) 


ii) Permissible stress in concrete (o,,) and permissible stress in steel (a,,) 


280 _ 
1. Calculate m = Gy and m, = 1.5 m. 


2. Calculate critical neutral axis (n_) 


i. m.o 4 


d— i", = O., 
3. Calculate actual neutral axis depth (n,) 
bt eee A,,(d-n) 
> + (L5m-1) An (n-d,)= MAgla-n 


4. Compare n and n, 
a) Ifn> n, the section is under reinforced 
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eveloped in steel 

= C., , 

7 + 5 : a : ral 3 . , 

Maximum compressive stress developed in concrete 7" 
a‘,. (where o},. is less than a.,. ) 


Maximum tensile stress d 


Oo. fl | 


o,f a 
Tehe = mid-aA, 


| 5 a 
The stress in concrete at the level of compression steel (o") can be Obtained ti 





The moment of resistance of the (under reinforced) doubly reinforced section js sit 
ula 
M_ = 5 Sek on (u-2 }+ (1.5m la’ fA, id— ~d") 


(bi) Ifm>n,, then ection is over reinforced and max compressive stress jp concrete jg 
moment of resistance is calculated as oh 


= Oebe b.n(d-2) +(15m - I)at A, (d ~ ~d') 


ES | mt 


M, = 


‘= Scbe (n — dd’) 
fl 


a 
7 
\ 


where 


7.6.2. Determination of Stress in Steel and Concrete 
Given : 
(f) Dimensions of beam (6 and d) 
(a) Area of tensile and compressive reinforcement te. A,,and A, 
(iz) Material used grade of concrete and steel. 
(i) Maximum bending moment or loading on the section, 
Procedure : 
1. Determine actual neutral axis of the section 


= +(L5m-1)A,..(n-—d") - m.A,,(d-n) 
2. Determine the value of a7 in terms of a,,, 


c, 7 
a: =- —(n-d") 
fi 


3. Determine the maximum bending moment (M)on the section due to loads and equate! 
moment of resistance of the section (Af). 
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| 1 Se, 
M= My, = 5 Or bn(d-2) ism -1)a’.A,.(d-d") 


-alue ofa’ in this equation 


__ « fhe 4s 
putting the 
M = 5% bn [a - 2) + (1.5m - LA. 2 (n-d’ id -a’) 
ye above equation, only G,,, as unknown and it can be calculated _— 
In” the stress in tensile steel (,,) and stress in compressions steel (o,,) are 


Know ING Febe 
ite od q5 under 


al 


and 


6.5. 


MO, 
c, = ———(d-n) 
n 
Tes 
= = att") 


F 


c,. = m,.0, 


Design of the Section 


a ' 
i) Span of the beam (/) and its dimensions (b and d), 


(uw) 


(ua) 


Loading on the beam. 
Material used-grade of concretes and steele. o,.anda,, 


Procedure : 


1. 


+ cw bo 


or 


Determine maximum bending moment (M) coming on the section due to iad (including 
self weight of the beam). 
Calculate the design constants /,j and R for the given materials. 


_ Calculate M, = Rba”. 


_ Calculate the area of tensile reinforcement (Ay ) corresponding to M,. 


if 1 
Said 





Ay, = 


. Calculate M, 


. Calculate the additional area of the tensile reinforcement (A,,_) needed to resist Mo. 


M, = O, Ag, id —<¢f") 


M, 


. Determine total area of tensile steel (A,,) 


= Ay, + Avs, 


Selecting suitable diameter of the bar, provide A,,. 
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| PAC dita I tensile ‘ki of, ‘, 
steel (A_) to the moment of the area of additional tensile stee] (Ay das mon 
ATUL Be 


ressive steel (A! nbout neutral Axis iy 


"ai 


Moment of the area of comp 
= (m, -lA,, Un ~d') 


— 


= (Lim-lA,(n-d’) 


Moment of the additional area of tensile stee| | Ay, V about neutral AX |S 


Equating them and calculating A,~ 
L5im-1l)A, in-d") = m.A, \d —n) 


mA, (d-m) 
Ae = [5im-Din —d,.) 


Calculate the number of bars required for providing A... 


9. Design for shear and bond is same as that of singly reinforced beam, wie 
TEN Chass. 
ay} 


10. Draw a neat sketch and give summary of design. 
Note : Design consideration for a doubly reinforcement beam as per IS 456 - 2000 
(i) The design considerations for a singly reinforcement beam given in Che . 
applies to doubly reinforced beam. ST NAPler 4 ai, 


iu) Maximum Compression Reinforcement (Al): The maximum _ 
reinforcement ina beam cannot be more than 0.0450) (49 ofthe fross “a 
area), ace ay 


SOLVED EXAMPLES [ee 


Examples on Problems Type-I (Determinations of moment of resistance) 


Example 7.10. 

A concrete beam 400 mm x 600 mm effective is reinforced with 4-25 mm ® bars ce 
tension side and 4-20 mm 6 bars on compression side. Find moment of resistance 
the beam. Use M20 concrete and Fe415 steel. Take effective cover to the centr d 
compressive reinforcement as 40 mm and m = 13.3‘. 





OE 








Solution. Given, b= 400mm. d= 600 mm 
d’ = 40mm 

A, = 4% 7% 25° = 1963.49 mm? 

Aa= *% 4 «20° = 1256.63 mm? 
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0, = 7 N/mm* 
G, = 230 N/mm- 

.an of critical neutral axis (n_) 
yf mG pb n 
Cu d-n 


[For M20 concrete] 
[For Fe 415 steel] 








13.33 *7 n. 
~ 230 ~=—-600-n, 
0.4 (600-—n = n, 
L4n, = 243.41 
n. = 173.87 mm 


c 


I 
a 


wan of actual neutral axis (7) 
5 Calculation ; s 





b.4-+(15m-1)A,. (n-d’) = m.A_(d-n) 


9 


n* +119.3n-4772 = 78519.96-130.86n 
n- + 250.16n — 83291.96 = 0 





~250.16 + ,/( 250.16)" + 4 x 83291.96 
: | 


i= 


n= 189.46 mm 
5 .>n..so the beam is over-reinforced and stress in concrete reaches its permisible value 


= 


me te: 
co. = 7 N/mm 





a-@').  282-8— | 


Te = Seb ( 189.46 


Fi 
= 5.52 N/mm* 
i Calculation of moment of resistance (M,) 


M_= = bon O.s (d-2 \+(15m-1)xA, xa! (d-d") 


: 1, 400 » 189.46 x 7( 600 189.48) (15 x 13.33 - 1) 1256.63 x 5.52 x (600-40) 


216141717.5 Nmm 
216.14 kNm. 


Ll 


M 
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An R.C.C. beam 300 mm x 600 mm is reinforced with 1256 mm* of Fe 415 aten) | 
both compression and tension zone. The effective cover for tensile steel to fo mm, In 
that for compression steel is 40 mm. Find moment of resistance of the section if yy" 
concrete is used. Take m = 13.33. Also find the uniformly distributed load the ,,,’ 
can carry if the effective span of beam is 5 m. [BTE Punish on 


b = 300 mm, 


Solution. Given, 
600 — 50 = 550 mm 


d= 
Ag = 1256 mm” 
A. = 1256mm* 


ae 3 = 
o,. = 7 N/mm (or M20 concrete 
CG, = 230 N/mm [For Fe415 steg) 


d’' = 40 mm 


= Calculation of critical neutral axis (n.) 


ao, a-fh, 





mM .G che - fh. 


13.33 x 7 _ fl. 
939 950-1, 
0.4 (550—n.) = ", 
L4n, = 7) 
n= 157.14 mm 


gw Calculation of actual neutral axis (n) 
b.n* 5m Asc(n-@’) = mA,,(d-n) 
a 


3007" 15x 13.33 —1)1256(n _40) = 13.33 x 1256 (550-1) 
9 


61389.0—111.61n 


n2 +159.0n — 6362.0 
( 


i 


n2 + 270.61n - 67751 





970.61 + J( 270.61)" +4. x 6775) 
270.61 + 9.61)° +4 x 7702" 


i= -—— 9 


n = 168.00 mm. 


1 


| ection is over-reinforced 
B® n>n,, hence the beam section 15 0 


oun. = / N/mm” 
(a= | 
Oe = Seb |, 


f 





158 - ~) P 
= | = §.22 N/mm 
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s Calculation of moment of resistance (M ) 


bon ; | 
M, = 9 Sebe (a 2) S15 “1A, xatl(d-d") 





300 _ i 59 
= g *158%7( 550-198). r5,e13.94-1)195675.22(550- 40) 
= 146021622.2 Nmm 
M_= 146.02 kNm. 
7 Calculation of uniformly distributed Joad (1c) 
wl? 


= = 146.02 


lu x 5? 
a: 
w = 46.72 kNim 


i" 





= 146.02 





Example 7.12. | | 
A doubly reinforced beam 250 mm x 490 mm (overall) reinforced with 4-22 mm e 
hars on tension side and equal amount of steel on compression side. The tensile 
reinforcement is placed at 40 mm from bottom edge of the heam while compression 
reinforcement at JO mm from top edge of the beam. Calculate the moment of resistance 
and u.d.l. the beam can carry. Use M15 concrete and mild steel. 
([BTE Delhi 2006; Punjab 2007] 
Solution. Given, bh = 250 mm, 
ad = 4590 = 40 = 450 mm 
d’ = 30mm 


A, = 4x ree 22° = 1520.53 mm? 


A. = 4% ris 29° = 1590.53 mm? 


0. = 5 N/mm” [For M15 concrete] 
o, = 140 N/mm* [For mild steel] 


® Calculation of modular ratio (m) 


280 _., 
m= 2 -=18.66 





2 Calculation of critical neutral axis (n,) 


Mm . phe ee 





18.66 x 5 n. 
1440s 45D vn, 
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_ 
0.66 (450 —n_) = 7M, 
1.667, = iM) 


n. = 180.72 mm. 


B Calculation of actual neutral axis (nm) 
ie +(15m-1)A,.(n-d") 





= m.A,,(d—-n) 


18.66 x 1520.53 (450-7) 


> a 


250.n" 4 (15 x 18.66 -1)1520.53)(n - 30) 
2 
102143.12—226.98 n 


n? +328.31n — 9849.38 





n+ $55.29 n —111992.5 = 0 
~555 Fe 9q)\2 : 
—_ 555.29 + (555.29) +4x1119995 
2 
n= 157.18 mm 


# n<n, hence the beam is under peinibreed 
= 140 N/mm" 


Tebe 
o,/m  d-n 
140 x 157.18 
Sete = 18 66(450 - 157.18) 





4.02 N/mm* 


il 





n-d’ 
CO. = O,-- ; 
: | 
; 100 


3.25 N/mm 


o. 
@ Calculation of moment of resistance (Af,) 


b.nG ; 2 | 
M, = on Cee ( -2)+(L5m-I)A, xa. (d -d’) 





25015718 x 4.02 
‘ D =(450-28218) (15 1866- 1) 1520.53 x3.25 (450-9 
= 31404147.47 +56018377.92 

= 87422525.39 Nmm 


M. = 87.42 kNm. 
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<a? les 


example 713. 


‘onl side with 4-25 


an If the beam 


Carri 


bh: 


Given, = $00 mm, 
A, 


golution- 


40 mm 


13.33 
neutral axis 


m 
s Calculation of actual 
b.n? 


2 





+(1b5m-1)A,(n-d’) 


é 
on + (1.5 x 13.33 - 1)1963.49(n —40) 


n* + 248.64n — 9945.79 
n° + 423.12n - 128598 .19 


Fl 
# Calculation of stresses 
M, 
oO te d-2) 4015 m ~1)A,. x a2 (d -d'‘) 
o, 
a. 
,, 0x 20478 abot xo, 1. (680 . oe 


187916320796, + 190955804.196,,. 
477887436.98a,,. 


Tite 


215x10° Nmm 


Doubly Reinforced Beams 
on Problems Type-2 (Determination 


7 = 
| = 


—= 
= 


) (1.5 ¥ 13.33 -1)1963.49 «0.8 a4. (G80 -40) = 


— 


_ 7423.12 + (423.12) + 4x 128598,12 






of Actual Stresses) 





doubly reinforced beam 300 mm « 680 mm effective ts weinlorced on jecelii ais 
‘ >mm bars. Compression steel js placed 40 mm from top of 


es a bending moment of 215 x 10° Nmm. Find the stresses 
i iced i” steel and concrete. Take m = 13.33. 


[ETE Delhi 2008] 


d = 680 mm 
4x ri 957 = 1963.49 mm* 


4 x x 25* = 1963.49 mm? 


mA (d-—n) 


13.33 x 1963.49 (680 —n) 


118652,99 - 174.48n 








2 
204.79 mm 
M 
215 = 10° 
n-d.)_ (204.79 - 40 
ice ae 


215 «10°, 
215 10° 

215 x 10" 

5.67 N/mm? 

0.8 x 5.67 

4.536 Néimm? 
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MO | 
Oe 7 tl 
13.33x5.67 — _ 904.7 _ 
oO = 680 - 204.79 
af | ’ 
o,, = 175.38 N/mm 





Example 7.14. | 
Find the actual stresses developed in 


beam having the following data : 
(i) Size of beam = 200 mm *x 550 mm 
Gi) Effective cover to tensile steel = 50 mm 
(ii) Effective cover to compression steel = 40 mm 
(iv) A, = 1900.7 mm* 
(v) A. = 1256.6 mm* 
(ci) m=13.33 
(vii) w= 15 kKN/‘m 
(viii) Effective span = 8 m. 


steel and concrete of a doubly reing 
OF ted 


d@ =8550-—60=600 mm 


Solution. Given : b = 200 mm, | ; 
A, = 1900.7 mm* A. = 1256.6 mm* 
m = 13.33 w =15kN/m 
i= 8m d’ =40 mm 


= Calculation of actual neutral axis (n) 


mA (d-n) 





ae +(L5m -1)A,.(n-d") 


13.33 =~ 1900.7 (500 — nm) 


200.2” 1.5 «13.33 -1)1256.6(n - 40) 





n* +491.48n —136206.45 = 0 





491.48 + (491,48)? + 4 x 136206.45 
1 = : 
5 
197.64 mm 


I 


il 


® Calculation of maximum bending moment (4) 
wil? 15x 8" 


Mes = s 


M = 120kNm 

M = 120 x 10° Nmm 
@ Calculation of actual stresses 

M, = M 
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— 1.5 i-1)A ry: -—/yf? 
bow(é J+ m—NAgod-d") = 199, 106 





3 


; n-d’ Sites an’ 
6 we aa 
, 


0] 


I 


0.79 Ob. 


197.64 


IE Oe (500 8 + (1.5 x 13.33 -1) 1256.6 x 0.790. (500 - 40) = 199 x 108 





17253984.86,, = 120 x 10° 
04. = 6.95 N/mm? 


co. = 5.49 N/mm 


i 








6.95 _—s«197.64 
c., (500 — 197.64) 








_ 13.33 x 6.95 x 302.36 
141.73 
o,, = 141.73 N/mm? 


Framples on P roblems Type-3 (Design of the Section) 


example 7.15. 
Calculate the area of tensile and compressive steel required from the following 
data : 
(i) Size of the beam = 250 mm x 450 mm effective 
(@) B.ML = 65000 Nm 
(ai) d.= 50 mm 
Use M20 concrete and Fe415 steel. 
Sdution. Given, § = 250 mm, 


d = 450mm 
M = 65000 Nm = 65 x 10° Nmm 


d. = 50mm 
G2. = 7 N/mm* [For M20 concrete] 
c., = 230 N/mm* [For Fe415 steel] 
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® Calculation of Design Constants [hj and I] 


280 _ 280 _ 1999 


IO che dxi 





mi = 


MO sd XT 
mo». +O, 1d.dd x 7+ 230 
I 04) ” 


. Joke] -——29 00 
jel-q 7 


= 0.09 


1 : 
= =O A 
i 9 che 


l 
9 
hd = 0.29 x 450 = 190.5 mm 


x7¥ 0.29 x 0.9=0.91 N/mm* 


n 


= Moment of resistance of balanced section = M, 
M, = Rbd* 
M, 


0.91 250 x 450° 

46068750 Nmm 

M = 65 kNm = 65 * 10° Nmm 

M, = M-M,=65 x 10° - 46068750 
M, = 18.9312 kNm 


il 


# Area of steel (A,,) in tension 
{ Mo 
“sta = G (d—-d') 


02119 6 7 


= 930/450 -50) 
, M, 
a” O,,Jd 
46.06 x 10° 


~ eee mim" 
ea * 0.9 = 450 
A, = Ay, + Ag, = 205,16 + 494.47 
A., = 700.63 mm* 
= Area of steel in compression (AL) 
m.A,,,(d—") 
“= (Linn — dita ~~") 
13.93 « 205,16( 450 — 130.5) 
= (15 «13.43 -1)090.5-50) ° 
A. = 571.426 mm* 


“. . 


A 
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mple 7.16. 

ee the section of a doubly reinforced 

pesiet of the beam 1s restricted to 350 x 7 

e of concrete and mild steel reinforcement js used. 
jytion. (iven, b = 350 mim 

M 


t! 


185000 Nm 
7 N/mm* 
140 N/mm* 


I 


O he 


(7 


at 


: Calculation of design constants (hk, 7 and FR) 


280 _ 280 | 
m= 30.4. ~3x7 18:33 








h = TG othe _ 13.33 x7 


MO. + Oy, 7 13.33x74 230 =(0.29 


z= 1- = =1- 229 99 


k= 3 Sede KI) 


: ; x7» 0.29x0.9=0.91 Nimm? 


n = fed =0.29 x 650 = 188.5 mm 


s Moment of resistance of balanced section = M, 
M, = Rbd° 
0.91 x 350 x 6502 
= 134566250 Nmm 
Since M > M, hence the beam is designed as doubly reinforced. 
Total moment M = 185000 Nm = 185000000 Nmm 
M, = M-M, 
= 185000000 — 134566250 
= 50433750 Nmm 
® Area of steel in tension (A,) 
| M, 134566250 
An, = o,,jd  230x0.9x 650 


I 


- 1000.12 mm" 





M, 


Ast, ~ a, (d—d’) 


50433750 _oeen a? 
= 230(650 — 50) 
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beam to resist a B.M. of 185000 Nm. The 
00 mm. Assume 50 mm effective cover. M20 
[BTE Delhi Jan. 2009] 


[For M20 concrete] 


[For mild steel] 
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A, = Ast, +Ay, = 1000.12 + 365.5 


Ay = 1365.62 mm” 


- &y 90? = 14 mm* 
Using 20 mm 9 bars, A, gxu 3 


| 1365.62 _ 5 
No. ofbars required = —3)4 ~~’ 


Provide 5-20 mm dia. bars as tension steel. 


= Area of compressive steel (A) 
m.A,,, (d-n) 
A 2 


x = (om-1)(n—-d’) 

13.33 x 365.5 (650 - 188.5) 
A, = 1715x1333 —1)(650—-50) 
A. = 197.3 mm" 


it... 9 
Area ofone 12mm 06 bar = i x127 =113 mm 


) ee 
Number of bars required = ~ =].74 say 2 


- Provide 2 - 12 mm 6 bars as compression steel. 


7.7. STEEL BEAM THEORY 





The moment of resistance of a doubly reinforced beam consists of 
(¢) Moment of resistance of comprssion concrete 3-r---------- 
; ; ! | 
and the corresponding tensile steel (A,y, ) i.e. 


moment of resistance of balanced section (M, ). 






(2) Moment of resistance M’ ofthe compression stecl | 


(A_) and the additional tensile steel (A,,, }. 

In the steel beam theory, 

(() Concrete is completely neglected 

(2) The moment of resistance is taken equal tothe 
amount of the couple of compressive and tensile 





steel Transformed or equivalent section 
(ii) The permissible stress in compressive steel is Fig. 7.7. Steel beam theory. 

taken as equal to the permissible stress in 

tensile steel, 


M,= se Ee (d —<«") 
The transformed or equivalent section as per steel beam theory is shown in Fig. 7.7: 
Note: Steel beam theory is used to find the approximate value of the moment of resistance of 


a doubly reinforced beam specially when the area of compression steel is equal to or more than the 
area of the tensile steel. 
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Doubly Reinforced Beams 
example 7.17. __ 
Golve Example 7.2 by steel beam theory. 


solution. As per steel beam theory the doubly reinfor 
concrete web having A, and A,, y reinforce 


° ed beam iON ia 4 wo | 
as reinforcement. Sin section is approximated as a 
applied. 


ce A,. = A,, steel beam theory may be 


M, O sy Ald -d’) 


230 x 1256(550 — 40) 
M, = 147.32 x 10° Nmm 
M, = 147.32kNm 


sultans dont nie ae = en kNm (by exact theory of bending) and M_ = 147.32 kNm 

eC: Ory), 1L 1S Clear that the steel beam theorv rive: east ela Baal 

moment of resistance for beams havingA, 2A, ry §1ves very good approximate value of 
=, 


I! 


Example 7.18. 


Solve Example 7.3 by steel beam theory. (BTE Punjab 2007] 
solution. A= AS 


Hence steel beam theory may be applied to give approximate M 
M.= o,,.A,,(d-d') 
140 x 1520.53 x (450 - 30) 
M, = 89.41 x 10° Nmm 
M, = 89.41 kNm 
Which is almost equal to the answer M, = 89.42 kNm obtained by exact analysis, 


II 


I! 


— OBJECTIVE TYPE QUESTIONS — 





(A) Fill in the Blanks : 





l. When the bending moment on a beam is greater than Rbd> then __ beam is 
designed, 

¢. Doubly reinforced beams have steel in and _ __ zone, 

J, 


Modular ratio for compression steel (m,) is taken as 


a 





: hice me ore rowienar when _the . dimensions ; of. the hen Po wrod wed eh 
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8.5. Moment of Resistance 
8.6. Types of Problems 
8.7. Economical Depth of T-Beam 


1. Introduction 
_ Terms Used in T-Beams 
_ Analysis of T-Beam (LSM) 
. Analysis of T-Beam (WSM) 





I 


8.1. INTRODUCTION 


ial eS ae a 

In RCC construction, slabs and beams are cast monolithically. In such construction, a portiry, 
of the slab act integrally with the beam and bends alongwith the beam under the loads. This 
phenomenon is seen in the beams supported slab system as shown in Fig. 8.1. The portion of the 
=]ab which acts integrally with the beam to resist loads is called as Flange of the T beam or L beam 
The portion of the beam below the flange is called as Web or Rib of the beam. The intermediste 
beams supporting the slab are called as T-beams and the end beams are called as L-beams 


be 





Flange ——> 





Slab 


T-beam 


Fig. 8.1. 'T beams and L-beams, 


The flan a i i 7 " iL. r a P] r r 
atea of ede beam (part of the slab) contnibutes in resisting compres sion by adding mor 
cree in compression zone. This results in increasing moment of resistance of the bea® 


=— ~ 8 
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However, if the flange is located ; | 7 
ection. Howe | | ae ated in tension zone, { ‘eh co | 
“egiected (cracked) and beam is treated as a rectangular ma meant 


.2. TERMS USED IN T-BEAMS (Fig. 8,2) 


g,2.1. Breadth of Web (b,) 
Breadth of web is the width of the beam sy 
accommodate the tensile reinforcement prope 


1,2 
peptas 3 tO 3 


Pporting the slab. It should be sufficient enough to 
tly. The ratio of width of web to the depth of web is 


g.2.2. Thickness of the Flange (D,) 


The thickness of flange of the T- 


beam is equal to t] Bcc | | , 
the flange of the beam. qual to the thickness or depth of the slab forming 


I zs 








Fig. 8.2. T-beam. 


8.2.3. Overall Depth of the Beam (D) 


Overall depth of a flanged beam is equal to the sum of the depth of flange (D,) and depth of the 


web (d__.). It is generally assumed as ze to = of the span, in the case of simply supported beams. 


For continuous beams, the overall depth is assumed as follows : 


l 
0 of span 


(1) For light loads : = tos 


. 1 1 
(u) For medium loads : 19 Lo is of span 


i | ] 
(ui) For heavy loads: 7 to 12 of span. 


181 


A.C.C. Design and Drawing 
8.2.4. Effective 

It is that portion of 
the-beam forming the com 
span of beam, thickness of sl 
and support conditions. 

The effective width of flange should nat be greater 
of clear distances to the adjacent beams on either side 


Conter of span 
a 


Width of the Flange (5,) 
slah which acts integrally with t he beam and extends on eish, 
zone) The effective width of flange mainly depen, a tide oy 


rendth of the web, It also depends upon the tyne Ti the 


pression 
of 


ab and the b 


than the breadth of web plus hajr 


as shown in Fig. 4.53. the Och, 





Center of span 
eb, ————— 


eb, 


he-b,, —e 
Fig. 8.4. Effective Mange width. 
The effective width of the compression flange of the flanged beam can be calculated as follies; 
(Cl. 23.1.2 of Code 1S 456). , 
L. 
(a) For T-Beams : by = ze -b, +60, 
fo 
(4h) For L-Beams : by = Tae + 3D, 
ic) For Isolated Beams : The effe 
than the actual width, 


ctive flange width shall be obtained as below but in ne 


case greater 
l 
(¢) T-Beam, by = —_—— +b,, 
fo 4 4 
ob 
O.5ly 
(ij) L-Beam, b, = a +6, 
‘i | 
— + dj 
fi 
where b, = Effective width of flange 
bh = Breadth of web 
D, = Thickness of flange 
bh = Actual width of flange 
lo 


i, = Distance between the points of zero moments (for continuous beams. 
taken as 0.7 times the e (Tective span! 
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SSS SS eee 
ANALYSIS OF T-BEAM BY LIMIT STATE METHOD 
—————___—_——SE EE ee eee 









aNALYS!S OF T-BEAM 
= sider a T-beam having flange width b,, web width 6, and flange thickness Das shown 1n 
7 The beam is reinforced with area of steel A,, in the tension zone. 

Fig“ 
| 
O446t, 
+ : : av7x, = 0 42x, 
és alTx, 

N  — 
4 

= T= O0.871,A,, 





My 


0.871 
* + 0.007 





Ly 
(a) Section (6) Strain diagram (c) Stress diagram 


| Fig. 8.4. Analysis of T-beam (x, < D,). 


8.3.1. Stress Block 
The stress block shown in Fig. 8.4 is similar to the one for the rectangular section. 
gs Maximum compressive stress = 0.446 f 
gs Rectangular portion DCBE and parabolic portion EBA 
| g EB corresponds to strain 0.002 in concrete 


g DE-= ge. and EA = oy 
i 


8.3.2. Depth of Neutral Axis and Moment of Resistance 
There are two cases which may arise : 
I, Neutral axis falls in the flange fe. x, < D, 
Il. Neutral axis falls in the web te. x, > D, 


8.3.2.1. Casel: X, < D, (refer Fig. 8.4) 


_ Depth of Neutral Axis: If x,, < D, the section will behave as a rectangular section having 
width equal to b, Depth of neutral axis can be found from the equation used for rectangular 
“ection after replacing b for bp 

O.B7/, Ay 


Depth of neutral axis, *, = 0.36f4.b7 
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= Moment of Resistance (.,,) 
Comparing x, and x, j...2nd determining t 


(i) xt the section 18 underreinforced fA 


given by : 





he type of section as follows: 
nd the moment of resistance of th 
“ Section i, 
M,, = O.B7f, Ag (af - 0.42x, ) | 
Gi) x =x __,the section is balanced and moment of resistance can be calculated . | 
M,, in = 0 a6 f 4 by Xu max (a - O42, max ) 
or M, tun = O.B7/, Aas (d - 0.422, max ) 
(is) x >x__, the section is over reinforced and as per IS 456 : 200, it should be redesigney 
i G a8 , ed 


(para G-2.1 of IS code) 


8.3.2.2. Case Il: x, > D, 
se II, a T-beam section is idealized as shown in Fig. 8.5. 


For analysis of Ca 





Fig. 8.5. (x, > Dy). 

The idealized T-beam section consists of: 

(i) Asingly reinforced rectangular section (1) of width b and effective depth d. The area of 

stee] reinforcement 15 A.,,. 

(i) A flange section (2) of width (6,- 6.) and depth D.. 

IS code further classifies this case x, > D, i.e. the neutral axis falls in the web, into following 

two types : 

Case 1. Xymax =X, and x, >D;, balanced section 


Case 2, Xu max 7%, > D-+ under-reinforced section 
Case 1. X,,..,=*,and x, > D,: Balanced Section 


It is the case of balanced section, when x, is greater than D, The moment of resistance of the 


rs |e ase ’ 2 _ | : ; ey #1 
section (limiting moment of resistance) will depend upon the value of — ratio (Para G2, 


IS 456). Itis because: 
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~ 


(== 


ai x, the depth DE (rectangular portion of stress block) will be greater than D, 
gna the Sange will he completely in the rectangular portion of stress block. 


g i fOr? =i, th then D.> depth DE of the stress block. In this case, the stress distribution 


winnst be rectangular in the flange but some part of parabolic portion will also be there. 
asthe ~alue of x, —., Gepemds upon grade of steel, There may be many cases depending upon 


ne 
=" 2% ] 
. ; —- = 
= 
ale - 


— [2c22= 7 Standard Code Is 456° 2000 has given A simplified approach for analysing such 


D; 
. pres <oomends ¢ single value of a =0.9" 


D; 
nese on the value of —— following cases may arise: 


D, | 
meso Vic): Syaux =2a+%2 >D; and Zz $02 


rs 


—>+(09 





3 a 
eNoee : For Fe 415 =fa mss a a «0452 =02¢ | Depth of rectangular portion of stress block] 
D, : 
L Case l(a): t.om ~ “s* x,>D, and q 20.2 or D,< 7 xy 


Tris case assume e that the depth of rectangular portion of stress block is greater than D, as 





Fig. 8.6. 


iI 


Tota] compression = Compresson in rectangular section (b,x d) 


+ Compression in rectangular section of size (6,-b,)x D 
0.3676. .x max + O.446/,, (b-- 6,1 x D, 
Total tension = O.87/,. — 
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igen ee (bbe LORE bce ye fe 

Niument of resistance = 0.36.6, %, ih c i * hr fd 6 \D, d.2| | 
; @ 

; 0.42x Fim jit: ry } } 

= 0.36 =neue [1 ~ So Vrs b,,, i: i 


+ O.446/,, (b, —&,,)D, IC 3 st) | 


2] &, 
we or the moment of resistance of such sect; 


As per IS code the iimiting vale lon ig Elven by | 


para G2.2 


A2X, max | 5 2 5 fd 
ay max E = —— ee ferbud : 0.49 fc ey - Ou a . c - #) 





which is same as the Eq. (1) above. 


QD q 
| fone , = 
2 Case 1(b): %, =Xumax? “a > ps neo or D> aX 


The moment of resistance of such sections is calculated by the equation given in parg G29; 

of IS code 
; Xi, ral 1 O.42x,, Tr’ 
AM, = 0.36 —— - = 

where Y,=0.15x, + 0.65 D, but not greater than D,, 

The IS code simplified approach for this case recommends the concept of modified thiciness of 
flange equal to ¥, The average compressive stress over this depth ¥,is assumed to be uniform of 
intensity 0.4467, =O45/,. 


‘ ss | | . "¥ 
Jab, d* + O0.45/f, (by —b,, IY, [a-%2) odin 


Case 2 : X,, max 


This 1s a case of under reinforced section when the neutral axis lies in the web. The moment 


> X,>D,: Under-reinforced section 


ft. 
of resistance of this section depends upon the value of —! It can also be divided into following 
Xi 
| D, 
two cases depending upon the value of . 
x, 





Dp 3 
1. Case 2(a): x, > X, > D, and — < 0.43 E = 0.43 | 


D; < atu Hence the entire flange lies in the rectangular stress block portion as shown in 
Fig. 8.6. 


Totalcompression = O0.36f,6,, .x,, + O.4AG Sy (by — 6, 1D, 


\" 


O.06/, 2 + O.45/ y (b, = b 1D, 
Total tension = 0.87f, ‘A. 
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ofneut ral axis of such section isc 





“adept alculated by equating total compression and total 
c 


o 


wy x, + 045falby by Dy = O8TF, A, 


sy , star’ 
setae ™ eae Ait) 
Sein x, can be calculated, The mamore .. ee 

- this equation X,, The moment of resistance of such section is given by : 
al 


i 


0.36; h awk. ig — a‘ j = f) 
M, fer by Xy(d -0, Hox, )+ 0.45 fy (b, - 6, )D, [« -<¢ 


¥ 0.42 : 
0.36—" 1 OS pe ic io oe | D, 
J d | d Veabud + 0.45 fat (by = b,.. } D, (« - “| oll mr) 


hich 1 same as eqn. (t)exceptthatx, . is replaced by x,. 
«hic 


i 


D 
goa a. Te | Pe ee | ee 
2, Cat 2(b) : ymax i fo x, > 0.43 or D, > zu 
ig case corresponds to the case when depth of rectangular portion of stress block is less 
pth of flange. 


an de ee ae 
depth of neutral axis in this case is calculated as follows : 


The 
096/; b. Ly + O40f/ 5 (by, -O, )= O.B77, =. _(p) 


ow bx, +0.65D, butn ater t} 
ahere ¥,= 0.152, 017, but not greater than D, 
The moment of resistance of such section is given by following equation 


bat 


M, = O.86/,, 6,,.2, (d-O42x, )+ 0.45 raY (bp — dy (a ue | 


an tt gnu : 12 = 7 yur Y, 
= 0.46 PE tC - 0.42 ac b,, d= + O.40/ 5 (b, 6. \¥ f c = : wfltE) 


shich is same as Liq. (J, except.x, ..... is replace by x, . 
Para G2.3 of [S code also explains the same cases 2a) and 2(b). 


Qver-reinforced Section : x, > x, — 


> D, 


Whenx, >, ace the section is over reinforced, In such sections, the failure occurs by crushing 
concrete and itis sudden, The moment of resistnace of such section is limited to My, (by taking 
a r s | = ' 
=, oxy! 5 code recommends that such sections should be redesigned. 


Pe «6 SOLVED EXAMPLES pees 


ftamples crt determining: th i’ nomen af resistance of T-heam seciion 
frample 8.1, 


_ moment of resistance of a T-beam having a web width of 240 mm, effective 
Y of 400 mm, flange width of 740 mm and flange thickness equal to 100 mm. The 
iSreinforced with 5-16 mm diameter, Fe 415 bars. Use M20 concrete. 











187 


= de, 


. R.C.C. Design and Drawing 
: d = 400 mm : 


: ‘ee fy = 240 mifli, 
solution. Given : ui? _ 4 cee 
Solution. Gis b aan D, 100 sas 
A, = bee aie AS mim” 
/ 20 N/mm? 


i 
Ih 


415 N/mm* 
to fall in the flange 


il 


@ Assuming the neutral nxis 
0.87/, Ay - 
Mu = 0.36/40 7 
68.1 mm < D, Hence N.A. lies in the flange. 
0.48d = 0.48 x 400 = 192 mm (Table « 
hence the section is under-reinforced. | © 0.2 


0.87 =«415*1005.3 
0.46 «x 20 = 740 


a, 


i 


44 max 
ty, * Su mass 


& Moment of resistance (M,,) 


eee As fy | 
M, = 0.8 , iP tA, a{1 in pe] 
fe | | 
_ 0.87x 415 x 1005.3 x 400{ 1 — 1005-3 x 415° 
740 = 400 x 29 
= 13495.39789.7 Nmm 
M, = 134.95 kNm 





Example 8.2. | _ | 
A T-beam floor system has 120 mm thick slah supported on be , : | 

: yster <0 mm thick s : OI” enams. The width of hk 

is 300 mm and effective depth is 580 mm. The beam is reinforced with B ica ae = 
diameter, Use M20 grade of concrete and Fe 415 steel. The beams are spaced 3 m ERs 


of centre. The effective span of beam is 3.6 m. 
solution. Given : 6. = 300mm d = 550 mm 


| IL ~ “ : ry 
A, Bx m1 “20° —- 9513 mm- 


D, = 120mm EL =3.6 m= 3600 mm 


# Effective width of flange ( b/ 


i 
b, = = +b, + 6D, 


l,=!=36m i 

0 [Simply supported beam| 
3600 ..... , 

by - a +400 +6 120 = 1699 mm 


Clear ar | 
lear span of the slab to the left and right of bean 
= J000 — 300 = 2709 mm 
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a eee — > - 


| T-Beams il 
by > 0.5 (Ly + L,) 4 b -_ 
by > 0.5 (2700 4 2700) + 309 | 

b, > 3000 mm 





«suming neutral axis to fall in the flange 


0.87 : 
i mall An 0.87% 415% 2579 
S6frbr ~ 036x20x 1620 
«, = 


17.8 : 
mm < D, Hence N.A. lies in the flange 


278.4 Mm>x it j \r On 
ur hence IL 1s an underreinfo ced section. 
, Mom ent of resistance (M) 


- 0,.48d = 0.48 x 580 = 
I, mar 


M, = 0.87f,.A., ah ‘ 5a) 
brd. fi, 


0.87 x 415 x 2513 x 5801 ~ _ 2513 x 415 
1620 580 x 29 


M, = 496.61 x 10°Nmm 


Solution. Given ; bh = 2400 D, = 120 mm 
6, = 300mm d =580 mm 
Tt 
Avi= 8x rhe 22° — 3041 mm’ 
f,, = 20 N/mm* 


" 


f, = 415 N/mm? 
! = 3.6m = 3600 mm 


® Effective width of flange (b/) 


Oy | 
b, = —~+ b,, (Isolated beam] 
4 +4 


{= 3600 mm 


i 
il 


[For simply supported beam| 
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oe aa +300 = 954.54 mm < actual Width (hh. : 
f ~ 3600 oo ~ 241 Oo , 
24 


b, = 954.54 mm 


s# Depth of neutral axis (x,) 


Assuming neutral axis lies in the a 
0.87f, - 0.87 x 415 x 304] 


a, = ia ‘ ~ 0.56% 20*954.54 — 


= 159. 45 Mm = =a), 


Hence over assumption was wrong. 


The value of x, is slightly more than D,. Therefore, it may be the case: D, > a 
D, 7 
or  & 0.43 


li 
The depth of neutral axis can be found by using eqn. (v), 
s 036ferbuXy + O.45f4¥7 (by -b,.) = O.87/,.A, 
0.36 * 20 « 300x, + 0.45 « 20 x Y,(954.54-300) - 0.87 x 415 x 304] 
2160s, + 5890.9. iY, 1097953 
¥, = 0.15x, + 0.65D, =O.15x, « +065 x19, 
Y, = 0.1l5x, +78 
2160x, + 9890.94(0.15x, +78) = 1097953 
“160r, + 883.64x, + 459493.32 = 1997959 
3043.64x, = 638459 68 
x, = 209.76 mm 


J , 
: = = * 209.76 = 90.2 mm <D, 


a) | ad 


hence our 455umption was correct, 
2 
x U.48d = 0.48 x 589 — 278.4 mm 
*umux > X,, hence the Section is under reinforced 
“e Y-= 0.15 x 209.7 5 um 
, 16 + 0.65 x 120 = 109.4g,,, | 
7 Moment of resistnace of the section (Af) =” | 
Per para G2.3 of [S 2 Ui | as 
code or eqn, (yp; ), the moment of resistance js Liven by - | 
M. = 0363/1 0.42 —4 / : 
~ hab, a? 4 0. 45f (b, =i Y, c a 4 


~ 0.36 » 209. 20925 (4. Q4ax 20075 | 
a80 | 580 “20 x 300 x 580 + 0.45 


TL 


| 
| 


[Table 5.9} | 


* 20(954.54 _ 300) 109.46(s 80 - eS) 
9 


I3.5 = 562500695 Nmm 
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_ Beams @ 
) TT 
amp le 8 oment of resistance of th f 
pr ine the ™ € section in above example, if the area © 


ru cme is equal to 12 bars of 22 mm diameter. 
in 


fe ~ WGutlonad : 
A, = 12x 4 X22" = 4561.6 mm* 
nepth of neutral axis (x, ) 
uming , neutral axis falls in the flange 
Ass 
i. = DET fy An = 0.87 x 415 x 4561.6 
. O.56fy-by ~ 0.36 x 20x 954.54. 
x, = 239.64 mm > D, 
Hence our — Is Wrong. Since the vile ofx, comes out to be much more than Dp it 





I 


ii 


may bea case of D; < oxy . The depth of neutral axis of this section is determined by eqn. (11) as 


fyllows : | 
0.36.4 Dy Xy + OA5L, (bp -b,, Dp = 0.87f,.A 
936 x 20 x 300 x x, + 0.45 x 20 (954.54 -300)* 120 = 0.87 x 415 x 4561.6 
2160x,, + 706903.2 = 1646965. 68 
2160x, = 940062.48 
x, = 435.21 mm > D, 


x - 3 x 435.21 = 186.5 > D, 


id - 


i 


“1/6 


Hence our assumption Is correct. 


P Xap = 0.48d = 0.48 x 580 = 278.4 mm 


Xo Mens, Hence the section 1s over reinforced. 


s As per code, the moment of resistance of such section is limited to M,,),,,, for X, =%, max: 





D 5 4 
“fF _ 120 _ 0.2, M, is given by eqn. (i) [G2.2 of IS code] 
a 550 ) 
0.36x,, max 0.42 Xs max , , , , Dy 
M, = a i —— Jf b,,d~ + 0.45f,4(b, -6,,)D, (a a} 
278.4 0.42 x 278.4 soni 
is — 0.36: —_ ——__—_— |x 20 x 300 x 580 
M, = VO8x A80 t 580 


) 
+ 0.45 x 20 x (954.54 - 300) x 120 (580 * 120) 


M. = 278465568.8 + 367589664 
M, = 646055232.8 Nmm 
M,, = 646.05 kNm 
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Example 8.5. | 
Determine the limiting moment of resistance and limiting area of steel fon | 
concrete T-beam having flange width of 1600 mm, effective depth of 3 ing, 
thickness of flange is 100 mm. The w ddth of web is 250 mm. Use M?09 0m ie 
Brace , of ™m At 
and Fe 500 steel. Con 
Solution. Given : b, = 1600mm d = 350mm 
D,= 100mm | 6, = 250 mm 
f, = 20 N/mm" f, = 500 N/mm* 
s Limiting depth of neutral axis (x, ae 
x, rrsix = 0.4 Gd {for Fe 5 . 
= 0.46 x 350 © 900, Table 5. 
xy, a = 161 mm 


D 100 D, 
foo 
| = = 350 -0.28>0.2. Since = > 0.2, it is the case G2.2.1 of [s ile 


H Y= 0.15%, many + 0-69 oD, 


= 0.15x 161 + 0.65 x 100 
Y; - 89.15 mm 
s Limiting moment of resistance (MM, tic? 


vy max 


d 





= 0.46 





O.36X, max | vy minx 9 - a Y.’ 
M,, lirn - d 3 i -_ 0.42 ~ a 40, a r 0.45f (b, = p., NY, [a —s 4 


0.36 x 0.46(1 — 0.42 x 0.46) 20 x 250 x 350° 
+ 0.45 x 20(1600 — 250) x 89. 15( 350 - 


ae) 


81833724 + 330827960.8 
~ 4]9661684.8 Nmm = 412.66 kNm 


= Limiting area of steel (Ay, jin) | 
It can be found by equating total compression and total tension 


Total compression = O.36f.4 Oy Xu max + 0.45 fy (by - — by ¥ 


Total tension = 0.87/, A #4 lim 
Total compression = Total tension 
O.36f 4 b,,, ims * 0.45 Ps (b, _ Des ae = (). B7f, A Af Lim 


0.36/-4 ee uy mya + O.45/i4 (Oy ~ by 
Astin - (). 87/, 


Ye 





_ 0.36 x 20 x 250 x 161 + 0.49 x 20 (1600 ~ 250) x 89.18 
- 0.87 x 500 


Avptim = 3156.25 mm* 
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section of a T-beam shown in Fig. 8.7 (a), The analysis of a T-beam comprises of 


(0 0 cases « 
on marl axis is within the flange. 


| ‘icin the web 
L ] axis 1s in the ; 
roytrel 
ia) Neu 





(a) Section (6) Equivalent or (c) Stress diagram 
fransformed section (ine D,) 


Fig. 8.7. Analysis of a T-beam (n < D) 


Casel: Neutral Ax's is Within the Flange (n < D,) 


4.1. 


Equivalent or Transformed Sect’on 


. The equivalent section of the T-beam in terms of concrete is shown in Fig. 8.7 (6). The con crete 
telow the neutral axis is assumed to be cracked and the area of steel is replaced by an equivalent 

ene area which 1s equal to m.A,,. The compression area 18 rectangular in shape as fr . D,. 
fs this flanged beam can be analyzed exactly asa rectangular beam having a width b, instead 


| afb. 
| 
| ft) Neutral Axis 
The neutral axis is determined in the following two ways : 
| (i) Critical Neutral Axis: The critical neutral axis is determined by the safe permissible 
| Sreees. 


| n.. Meche 





af 


| al — fl. a o 
| (i) Actual Neutral Axis: The actual neutral axis is determined by equating the mements 
| “areas of compressive and tensile zones about neutral axis. Considering Fig. 8.7 (6). 


| | : n 
Moment of compressive area about neutral axis = by Me 


Moment of tensile area about neutral axis = m.A,,.(d -1) 
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m.A,,(d -n) 





(c) Lever Arm: 


The lever arm is calculated as under: 
fl 


a= | 


(d) Moment of Resistance: 
The moment of resistance of the given T-beam section is determined by tak; 
total compressive force about the centroid of steel reinforcement. aking the m, 


M. 


np, 
Total compressive force x Lever arm ty 


Cxa 


1 fl 
M, 9 O phe ‘by fl (« _ 4 


8.4.2. Case Il: Neutral axis lies In the Web of the Beam (n> PD ) 
) 


(a) Equivalent Section 


The equivalent section of the T-beam when n > D,is shown in Fig. 8.8 (4) « 
zone of the given section consists of ers The comprese. 
88ip, 


(az) b,. x(n - D,) 


The tensile steel is replaced hy an equivalent concrete area=m, A 
ar" 





(a) Seti | 
a) Section (6) Equivalent or (c) Stress diagram 
gt aetiaaaiage (n>D) 
/) 


Fig. 8.8. Analysis of a T-beam (n > D,). 
(6) Neutral Axis 


The actual neu ae meets . | 
gine : tral = ane mven T-beam section can be determined in following two wavs: | 
» “Ompression in the Web is taken into Consideration : | 


Considering Fj oe ee ee 
ring Fig. 8.8 (6) and taking mo ‘tha : 
about the neutral AXIS, & moments of the areas of compressive and tensile zones | 
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T-Beams 
| . D, 
Moment of compression area of flange = 6; .D;|n- a 


Moment of compression Hreaofweb = a (n - D; ) — 


Moment of tensile area = m A, (d -n) 


D | , _n 
5/0, (n- TE] +b, (nD, (" =| 





tN 


m.A,(d-n) 


e equation can be solved for getting n. 


qe abv . 
») When Compression in the Web is not taken into Consideration : 
(4 


eontribution of the web area in compression is generally very small as compared to 
he rea. So it may be neglected while analysing a T-bream. Thus, neglecting 


ihe flange © 

n-D; 
p (2574) we get 

b (am de 


| D; 
by Dy 0 eS =m.A,,(d—-n) 


15, MOMENT OF RESISTANCE (n > D,) 





(1) When Compression in the Web is Taken into Consideration : 
The stress diagram for this case is shown in Fig, 8.8 (c), 


M.= M,+M, 


i 


iptn M, = Moment of resistance due to compressive force in flange 
M, = Moment of resistance due to compressive force in web 
M, = Total compressive force x lever arm 
= C,xa 
| (On, +O, ) 
C = meee pe x Dy x by 


shere o/ isthe compressive stress in concrete at the junction of flange and web. 





i= Dy, | : Basse ; 
af = 4.1] - —s) [From similar tnangles] 
a=-d-y 
_ where 7 is the distance of centre of gravity of the dark shaded portion of stress diagram from the 
| topofthe beam 
= Set ui 20, Dy 
eS SSS ie ee 
\ fat G, | x 
l . 
and M, = 9 Tobe + Fe Mbp Dy (d - ¥) 
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{ _ Total compressive force in web x Lever arm 
_ 
at, xe 


_ ae | 

¢, = bela PD} | 
- be 34 

a = (d-Dy-~ 3 


i\/ | (n-D 4 
‘a | f 
Z —£ |j\d-Dy - 
M, = b,, (n Dy | 2 f K 





M. = M, t M) 


. Cote + Te lid —-¥)406 (in-D o , 
- 


(2) Web compression ‘; not taken into 
consideration : 


is V ll as 
In this case My is very small as 


is neglected as it 





compared to Mj, 
; M,= M, | 
= b; p,(S¢% } -¥) 
(n- D; ) 
where a. = O phe oar aa 


Fig. 8.9 


tat | 


+a" | | 
nt of resistance of the T-beam sections, first it is ta 
forced or over-rein{fo rced by comparing n and n, and thy 


| Oehe t 20, x dD; 
CF tr : 


Note: While calculating the mome 
checked whether the section is under-rein 
values of stresses are determined appropriately. 


8.6. TYPES OF PROBLEMS 
. : 


1. To determine the momen 
9 Todetermine actual stresses developed in concret 
3. To design the section for given loads. 


t of resistance of the given doubly reinforced section. 
e and steel under the given loading 


8.6.1. Procedure for Determining the Moment of Resistance of the Given Sectio 
Given : Dimensions of the section ie, 6, ,6;,D,, d. 


Area of steeLA,, 
Material — grade of concrete and steel 
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T-Beams aD 


rermine Febe and ,; from the Tables 2.1 and 2.2 for given grades of concrete and 
(i) “a Calculate modular ratio (m) 
ste 





_ 280 
- BS che 





petermine critical neutral axis (7,) 


(1) 
Mm « O ebe _ ne 
Ost ~ d - f.. 
) Determine actual neutral axis (n) : To reduce the trial of calculations, it is better to 
(tit 
ena’ 


gg 
iD 
by Dy (n~ =F =m.A,(d-n) 


Ifn comes out to be less than D,on solving the above equation, then use following equation to 
| calculate n. 
af 
by x = = m.A,,(d —n) 
(iv) Compare n and n, | 
(i) Ifn<n,, then under reinforced section 
(i) Ifn >n,, then over reinforced section 


(y) Determine moment of resistance using appropriate formula after determining the stresses 
| in following Ways. 
(a) For under reinforced section, 5,,is known and a,,, can be calculated as follows : 


Mm. O eh n 
OO. 7 d-n 





(b) Determine of and ¥ 


n-D, 


Son. + 202.) <t 
7 Oche + S,. J 





a 
| 


(c) For over reinforced section, o,,, is known hence calculating o;. 


n-D, 


a. = sae A 





ag a AT a Ae ee ge le ee ee 
x = = —_ a a ee ee 
a ae oe See ee Pe ee oe sl 


= = | = 
a a a 


rs 

na 

a a 

a ae 

— - a 2 a 
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es )=6SOLVED EXAMPLES — 
Examples on Determining the Depth of Neutral Axis 


Example 8.6. ee ee , 
An RCC T-beam is a on tension side. Find the neutral axis depth nae 3 
steel if 6, = 1300 mm, D, = 80 mm, d = 600 mm, C4. = 7 Nimm?, Cy = 149 i are, 









m? 
m= 13.23, IBTE Punjat, 200 
Solution. Given, b, = 1300 mm D, = 80 mm 
d = 600mm C4-¢ = 7 N/mm* 
a. = 140 N/mm” m = 13.33 


® Critical neutral axis (72) 


m - 7.4. nh. 
oer 7 d—n. 
13.33 x 7 fi, 
1400 ~~ 600-n_ 


n. = 0.666 (600 -n_) 
1.6667 . = 399.9 
n. = 240 mm 
™ Area of steel (A, ) 


To find area of steel using tha ¢ : 
Mest sing the neutral axis p ion { ' : 
equation for n s D-case and Putting 7» = 
D 


v4 i mMAW(d—n_) 


1300 x 80/240 80 
ae ~ 13.334, (600 — 949) 


Au = 4334.4 mm? 
Examples on Momens of Resistance of T. 
ee “Beams 
A hip *-beam has 





a flan | 





“00 mm 


anc] flan ee eee 

in isomerase nd m* ig He nickness ees 
resistance of steel shall , Not exe aced at tan e {ctive de pth o an ~~ IS SO! 
Pome. Tale am 19 ppeeed 5 Nimm? and 239 ny. 22 ™M. The stresses 
Solution. Given, | | Nim - Find moment of 
°, ~ 1200 mm IBTE Punjab 2005] 

ad = 400 mm D, = 100 m 
Tn. = =5 N/mm? A, = 1279 N/mm" 


Ty = 230 N/mny? 
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18.67 ¥ 5 
230 


1.405n, 


, 


7) 


1 Dia 


400-7, 
162,35 
115.5 mm 


It 


= m.A,,(d-n) 


Actual neutral axis (assuming n > D,) 


100° | | 
1200 100( - | = 18.67 x 1272(400-n) 


n—5O 
1.198 


fi 


en, hence the section is under reinforced and o,, = 230 N/mm’. 
fi rt 


a 
m.O,4- 


Tn 
18.67 * G,,, 
230 


OF he 


oy 


# 
Li 


M, 


| 


0.198 (400 — n) 
129.16 
107.8 mm 


Ht] 


Determining stresses (a, and 01) 


off 
d-n 


107.8 
~ 400 - 107.8 


4.54 N/mm* 


OF nthe 


_ 454 





ll 


n-D, 





| 


400 -— 100 
400 


= 3.42 N/mm’ 


Moment of resistance (M_) 
Moment of Resistance (.Mf_) of the given section, without taking into account the compression 
m the web (breadth of the web is not given) is calculated as follows : 


] 
9 | Fete T a. bby 


Cars 


On. +20, 
Tin * a. 


| 


.D;(d-y) 


D 
¢—l 


d 
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(4.5442 3.42 |, 100 
= 4544342 /° 3 


47.65 mm 


I 


M. 5! 4.54 + 3.42) x 1200 x 100( 400 - 47.65) 


168282360 Nmm 
M. = 168.28 kNm 





Example 8.8. 
A singly reinforced T-beam has an effective width of 150 cm and slab thick 

15 cm. The tensile reinforcement consists of bars having a X-sectional areg of rae 
Their centres being 75 cm below the top of the beam. The neutral axj, is 1] 

below the underside of the slab and the small compression in the we} - Cm 
neglected. Determine the maximum allowable B. M. if the tensile stress in see a be 
compressive stress in concrete does not exceed 130 N/mm’ and 5 N/mm? r and 

















mm: 
Solution. Given, by = 150 cm = 1500 mm 
D, - 15cm - 150 mm 
A, = 58 cm* = 5800 mm* 
d = 75cm = 750 mm 
n= D; + 11cm [~ neutral axis is 11 cm from the bottom of slab} 
= 150+ 110 
= 260m 
o.,. = 130 N/émm* 
c,, = 5 N/mm* FY 
@ Critical neutral axis (n,) E ' 
— 280 — 280 _ 2 
m= 30,,. 3x6 =18.67 
m Teche | il. 
oe e a =; i. 
18.67 «5 n. 
— = = Fig. 8.10 
130 750-n, * 
n, = 0.718(750 —n,) 


1.7181, = 538.56 
A, = 313.48 mm 
n= 260mm and n. = 313.48 mm 
-n,>n, Hence the section is under reinforced and a »= 130 N/mm? 





a 


200 


es ll t—‘—sN 






—_im_ 
ean mining stresses (0, mane 0’) . , — 


aii  _ if 
ue af ~ d = ri 
15.67 # Tibe _ 260 
130 750 - 260 


Sihe = 3.69 Néimm* 
n-D - 


nl 260 
a, = 1.56 N/mm* 


s Moment of resistance without taking into account the compression in the web (M) 


sar] 
ay, 
i 


| . a 
F 9 | ete + 7, )by .D, (d—-y) 


=f 
i 


pat f Crh. + 20° D, 
Vebe + a; ‘ Ey 
3.69+2*156) 150 
= | 3.694156 | 3 
= 64.91 mm 
Tas | : | 
7 (3.69 + 1.56) ¥ 1500 x 150(750 - 64.91) 
404631381.3 Nmm 
“f, = 404.63 kNm 
- Allowable bending moment = 404.63 kNm 


—_ 
>= 
il il 


= 
bie 
il 


Se ee es 
Determine the moment of resistance of a T-beam having flange width of 750 mm and 
thickness of flange as 125 mm. The breadth of the web is 260 mm and the effective 
srea of tensile steel is 1250 mm* placed at an effective depth of 360 mm. Take m = 19 
dc, = 5 N/mm’. Use Fe 415 steel Also calculate the maximum uniformly distributed 


bad the beam can carry over an effective span of 4 m. [BTE Delhi 2007] 
Solution. Given, 4, = 750mm D, = 125m ; 
d = 360mm A,, = 1250 mm* 
c., = 5 N/mm* o,, = 230 N/mm 
m= 19 


® Critical neutral axis (nJ) 
m.O,,, fn. 
Oi . = ne 
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19x 5 Fe 
m0 360-1, 
105.2 mm 





it. 


s Actual neutral axis (”) 


Assuming n > D; 


D, | | 
5D, (nF) = m.A,(d-7") 


19 x 1250 (360 -n) 


i 


“i 
750 x 125 in 2 3) 
1.05n = 80.75 


Kl 


Hence our assumption was Wrong. 
= Recalculating n when n < D, 
2 

by .n 

2 


" 


m.A,,(d-m) 





Fr 2 
ip0 xn 


2? 
n- +63.67n — 22920 


= 19x 1250 (360 —n) 





0 





63.67 + (63.67)? + 4 x 22920 
| 9 


n= 


122.9 mm 


n 
Hence the section is over reinforced and | = 5 N/mm* 
n>n_., Hence the section 1s over reinforced and G,,,. = /mm*, 


= Moment of resistance (M,) 
l eR 
M, = 9 Sete x by xn(a-2) 


; «5x 750 x 122.9 { 360 = se) 


73.52 x 10° Nmm 
73.52 kN-m 


M. 
& Maximum u.d.L (iw) 
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| 
| 
| 
| 


2 
: = 73.52 


wx4 





8 
w = 36.76 kNim 


problem to find stresses in Steel and Concrete 


al nsions of the beam 
Area of steel 
Maximum B.M. or load on the beam 
‘ne actual neutral axis 
te oF, in terms of a... 
O. = Tbe wa 


rl 


a 
gp Wri 





p Find y 


C ae + 2c, D, 
fe ee 
. Gebe F G,. 


Se 
| 


3 
g Find moment of resistance (M)) 


Fr 


M, = by D, (2828 \a-5) 


Fquate moment of resistance to maximum bending moment and find a,,,. 


g Find Oy 


mh. 0 phe = Fl 
oP d-n 








| Examples on determination of stresses 


" Example 8.10. | 





Mange thickness and width of an isolated T-beam are 100 mm and 1600 mm respectively. 
Its web is 250 mm wide and effective depth up to centre of tensile reinforcement is 
600mm. The tensile reinforcement consists of 4 - 20 mm dia bars. The beam is simply 
supported over a span of 7 m. Calculate the stresses developed in steel and concrete 
ifthe beam is subjected to a moment of 150 kNm. Take m = 19. [BTE Punjab 2006] 


Solution. Given : Flange width = 6 = 1600 mm 


100 mm 
250 mm 


D; 
b 


Lilt 
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Ay 
ad 
{= 
n= 


BM = 


= 
— 


w Effective flange width 


by 


—= 
=. 


B Actual neutral axis (nm): 


Dy 
b, .D; fl a 


7) 
24 
1 .22n 

n 


— 
— 


1085 x 100 x ( = 


@ o¢ in terms of a,,,: 


o. 


@ Finding y 


“ty 
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7x 1000 | , 


§ x7 «207 = 1256.6 mm? 


600 mm 
7m 


19 
150 kNm = 150 x 10" Nmm 


(bp for an isole*ed T-beam 


if 





7x 1000 950 a 


1600 
1085.82 mm say 1085 mm 


Assuming nm > D, 


19 x 1256.6 (600—-n) 


182.02 
149.2 mm 


v(t 
149.2-100' 
Tebe | 49.9 


0.330, 


n-Dy 





cg.) +20! . dD; 
The + a, ow 
O,,, + 2% 0.336, 100 
T+ dda.) J 
L660,4, 100 
1330, 4 
41.6 mm 


204 





= (for sim 
. Ply sup 
Portes | 






resistance (M,) 


M 





, | Oa, + a 
es by Dy | te Nad 3) 


1085 x 100 Sete t el J 600 - 41.6) 


40289956 (a, ) 


ing O he 
‘ Finding BM = Moment of resistance 
150 x 10° = 40289956(c,, ) 
= 3.72 Nimm* 


OF tee 


4 Finding 
Hh. OT ehe i 
i, d-n 





19x 3.72 149.2 
—~o, = 600 -149.2 


213.55 N/mm" 


Oy, 


ie 
pam? d breadth of a T-beam is 150 mm and 1700 mm respectively. The area 


ee nwoensit is 4524 mm’ placed at an effective depth of 700 mm. Find stresses 
de ond concrete if M = 320 kNm and take m = 18, ([BTE Punjab 2005) 
in 
solution. Given, by = 1700 ene’ D, = 150 mm 

A, = 4524 mm d = 700 mm 

M = 320 kNm = 320 x 10° Nmm 

m= 18 


a Actual neutral axis (mn): Assuming n > D, 


b, .D, ies i = m.A,,(d-n) 


= 18» 4524(700-n) 


1700 « 150 ¢ - | 


1.32n = 298.53 
n= 2926.16 mm 


| Writing a: in terms of 0 Ac 


So = Stel — J = | 226.16 





a’ = 0.340,,, N/mm* 


a - Po oo =a" - = 3: S| ee a 
ae al a = os ee ee a ee = a - = aoe pa al a 4 a at il 
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(s.2 +26, D, 
si | : 


| Cua =-c, 


is ad 


‘at | 
\ 





- (0 l 159 zs 168¢., . 154 

y = 6268mm 
= Moment of resistance (¥,) 
fas. +G. ) _ 

= Sy = jrid—y) 

M, = by Dy | 9 } E 
3 ( Gein - 6.340,,, = 
= 17007150) “= — = |(700- 62.68) 


= 106856122'c,,,) Nmm 


@ Finding 6, 
Bending moment = Moment of resistance 
320 x 10° = 108886122'c.,, | 
o.,, = 2.94 Nimm* 


@ Finding o, 
m.0 3, ii 
c d-n 


IBx294 _ 936.16 
a.  700-22616 


o,, = 11087 N/mm* 








8.6.3. Design of T-Beam 
In this type of problem, the dimensions of the beam and the area of steel is to be determines 


Given: Maximum bending moment or loading 
Materials i.e. grade of concrete and stee! span of the beam. 
1. Calculate design constants /m,#, J) 
iG, I E ws ; 
2. Assume total depth of the beam as p “is % the span and calculate effective depth 
3. Determine the maximum bending moment coming on the beam due to given loads. 
4. Determine area of stee] required 


Af 
G af } d 





A= 


5. Check the trial section as follows : 
(:) Determine actual neutral axis depth (n) 


(u) Write co; in termsofa,, and find ¥. 
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| (ii) Write M, in terms of, 
y) Equating M and M_, and calculate 5.4, ando,,, 
v) Ifthe values of G,,, and G,, are less than the permissible stresses, then design is O.K. 
but if not, then revise the trial section and repeat steps from 2 to 5. 
5 Design for shear as per Chapter 3. 
7, Check for development length. 


17, ECONOMICAL DEPTH OF T-BEAM 
GT 


The balanced depth of T-beam found from the stress diagram is not economical It is because 
[beam has a very large compression flange so the balanced depth is very much reduced, thus 
nereasing the required area of steel. The steel is much costlier as compared to concrete. So the 
nerall cost of the beam having balanced depth is increased. There fore, the concept of economical] 
depth of T-beam comes inito picture which takes into account the cost ratio of steel and concrete. 

' Theeconomical depth of T-beam can be found from following equation 


| r.M 
A = \ On Jb,, 


Cost ratio per unit volume 





Where op 


_ _ Cost of steel 
~ Cost of concrete 


=—_ OBJECTIVE TYPE QUESTIONS = 


A) Fin In the Blanks : 


lL Inan , 
a T-beam forms the compression flange. 


: The Portion of the beam below the slab in a T-beam is known as | 
” For a T-heam 


action, slab and beam must be cast 








T a , r cy : | 
' " Portion of the slab which acts monolithic in a T-beam, forms the _____ of the beam. 
. hy inaf 7 ee ‘ ‘ , 
ip © effective width of a flange of T-beam depends upon ————_ and 
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one WAY SLAB 


Gosche ara. 


4. Introduction 9.4. (S456 - 2000 Recommendations for 
; Load Distnbution In a Slab Design et Slabs 


_ Difference Between One Way and 9.5. Design of One Way Slab 
Two Way Slab 9.6. Cantilavar Slah or Chajja (Balcony) 





4. INTRODUCTION 


Slab is a two-dimensional or planar element, used in all types of structure such as floors and 
roof coverings. The thickness of slab is very small as compared to its length and width. Slabs are 


i 
Jassified on the basis of il ratio r.¢. length of the longer span (/, /length of the shorter span (/,) 
into following two types : 

(i) One way slab. 

(ii) Two way slab, 


91.1. One Way Slab 


l | 
One way slabs are those slabs in which the — ratio is greater than 2, This type of slab is 


, 
also called as slab spanning in one direction as the bending takes place only along the shorter 
span (see Fig. 9.1), Therefore, the main reinforcement is provided along the shorter span. 


The one way slab is analysed by assuming it to be a beam of 1 m width. 


229 
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Bending lakes nian 
place 
a: _ along both directions 


i : ) 


f 
shorter direction 


Fig. 9.1, One way slab. 


9.1.2. Two Way Slab 


The slab which is supported on all the four edges and having - ratio as less than 2 |; 
i {8 


- 
called as two way slab. Two way slab is also called as slab spanning in two directions beca 
bending takes place in both the directions as shown in Fig. 9.1. The main reinforcement - 

‘i 1s 


provided along both the directions in a two way slab. 


9.2. LOAD DISTRIBUTION IN A SLAB 


Consider a slab as shown in Fig, 9.2. Subjected to 
a uniformly distributed load w per unit arca D 
where / is the longer span = 
/_is the shorter span 
Now considering the two middle strips AB and 
CD of unit width along/, and /,. 
Let w, 1s the load carried by the slab in the longer 


direction 
w, is the load carried by the slab in the shorter 


direction 
w=wy+w, vel E) 


The deflection of the centre point P is given by : 


) [For stripAB] be | C ! 
| 


Dig Sh ee 
’ 384 ET 





5 w, dl} Fig. 9.2. 


3a a [For strip CD] 


Ap = 
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pqualine 


=| 5 
ce << /- 
al 
il HM 
E ma a 
—< oT) [~ 
ieee — —<—_ 
ian [~ 
_ 
ry 


cybstituting value of w, in eqn. (i) 


j4 
w= Ww. +] by 
z 


| 








” l 4 and Ww = ——__—— 
, 4 
7 ce 
say. a — = 
For 2 ' y (1427) = 0.05 w 
w.2" 
and Ww, = (14.94%) = 0:95 w 
F ? 245 Y= = ) 
or . : (1415)! =0.16 yw 
w.1.54 
od i” Cag “ihe 
ty 10 ~_=05 
“i My (el) 
w.1* 
ime— = 0.5, 
eA a (1+1*) © 


From the above values, it is clear that 


(1) af a 2 2.0 , the load carried by shorter span is 95% and that carried by longer span is only 
5% so such a slab can be designed as slab supported on two edges with bending in one 


direction only i.e. shorter direction. 


{ : 
(2) Ifthe ratio i < 2.0, the load is shared by both the spans and such a slab is designed as 


two way slab having bending in both directions. 
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r bending moments as the load is carried hi 


av slab is subjected to smaller bending ay Spay 
Emon” 
nt 





&> 


(3) One way slab is subjected to large 
i.e. shorter span only. While, the two w 


since the load is distributed nlong both the directions. 
| he depth of two way slab as the , 
than the dey the MAX} 


(4) The depth of one way slab 1s more 
bending moment is more in one way slab. 





Two Way Slab 





One Way Slab 














. The bending takes place in one direction The bending takes place in both the directions. 
only te. shorter span. 
















Depth required is more, | Depth required is less. | 
| Main steel reinforcement is provided along both the| 


Main steel reinforcement is provided along 








} spans. 
More economical as the thickness of slab is less and 
the amount of steel required ts less. 


shorter span. 
15. Less economical as thickness is more and 


the amount of steel is also more. 






9.4. IS456 : 2000 RECOMMENDATIONS FOR DESIGN OF SLABS 
9.4. IS456 : 2000 RECOMMENDATIONS FOR DESIGN OF SLABS 


9.4.1. Effective Span 


(a) For Simply Supported Slab 
The effective span is taken as smaller of the following : 


(¢) Centre to centre of supports. 
(if) Clear distance between the supports plus the effective depth. 


(b) For Continuous Slab 
In acontinous slab, where the width of support is less than 12 of the clear span, the effective 
span should be taken as given in (a) for simply supported slab. 


Ifthe supports are wider than 5 of the clear span, or 600 mm whichever is less, the effective 


span shall be taken as under : 
(i) For end span, with one end free and the other end continuous or for intermediate spans, 
the effective span shall be the clear span between supports. 
(ii) For end span, with one end free and the other end continuous, the effective span shall be 
equal to clear span plus half the effective depth of slab or clear span plus half the width of 


discontinuous support whichever is less. 
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lid ratio 


Cantilever 7 
singly supported 20 
Continuous O68 


,) For spans greater than 10 m, the aboy 
0 cantilever, for which exact deflection ¢ 
Depending on the area and t 
Fig. 4.1 (chapter 4) 
‘or slabs spanning in two directions 4 , | . 
: os offec tive epth ratio, ns the shorter of the two spans shall be used for calculating 
() For two way slabs of small spans (y 
span to overall depth (given below) 
for loading class upto 3000 N/m?. 
Simply supported : 35 
Continuous slab : 40 
For high strength deforme 


€ value ma 
alculations 
ype of tensile steel th 


y be multiplied by 10/span, except for 
should be mace, 


ic) © above values may be modified as per 


pto 3.5 m) with mild steel reinforcement, the shorter 
ratios may be assumed to 


satisfy the deflection limits 


d bars the values given above should be multiplied by 0.8. 
9.4.3. Reinforcement in Slabs 


a) Minimum Reinforcement 


The area of reinforcement in either direction in a slab should not be less than 0.15 percent of 


he total cross-sectional area in case of mild stee| reinforcement. In the case of high strength 
jeformed bars, this values can be reduced to 0.19 percent. 


(b) Maximum Diameter 


The maximum diameter of the reinforcing bar in a s] 


ab should not exceed th of the total 
thickness of the slab. 


(c) Distribution reinforcement 


Distribution reinforcement is provided in the longer s 


pan of one ay slab. This steel is as per 
the minimum reinforcement criteria (a) given above. The 


function of distribution steel are : 
i} To distribute the concentrated loads coming on the slab. 


(2) To protect against shrinkage and temperature stresses. 

(it!) To keep the main steel bar in position. 
The distribution steel is kept above the main steel and is not provided with hook at the 
ends. 

(9) Spacing of Reinforcement 

| () Minimum Distance Between Bars 

i) The minimum horizontal distance between two parallel main bars shall not be less than 
® The diameter of the bar (largest diameter bar is to be considered) 


# 5mm more than the nominal maximum size of coarse aggregate used in concrete, 
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Tig 
ED R.C.C.DesignandDrawing | : 
- (a) The vertical distance between two layers of main reinforcement shal] be More th x 
8 15mm or an 
=| : rd the nominal maximum s1ze of aggregate 


B Maximum size of the bar 

(2) Maximum Distance Between Bars in Tension 

a) The spacing of main steel ina slab should not exceed the following : 
B 3 times the effective depth of slab. 
8B 300mm 





(a) The spacing of the bars provided to act as distribution steel (discussed later) 
provided for preventing temperature and shrinkage stresses shall not exceed the folloy dar, 
B Five times the effective depth of slab ng 
B 450 mm. 
(e) Cover 


Nominal cover to be provided in a slab is 20 mm and the other values of cover for ditt 
environmental conditions are listed in Table 6.1 of Chapter 6. - MTeren, 


(f) Bent Up Bars 


Some of the main reinforcement in slabs are generally bent up ne 


ome o , Be ar the sup 
negative moment which may develop due to partial fixity, Generally 


alternate ba 


POrts to take up 
a distance of 0.15] or . from the centre of supports. The bar available at the 















upper face should 
be more than 10 (0.12) from the centre of support. The reinforcement detailing of one Way slahi 
shown in Fig. 9,3. ~ 
DV! o0°> bars bent u 
ip 0.1! 
samen ic, 


Distribution steal 






Wall or beam Main steel 


l 


j+—'2_ 


Fig. 9.3. Reinforcement in one way slab. 
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One Way Siab 





(g! C » bars in a s| ab pet cevtethaie te per the recommendation given in the chapter-6 
ve™ -yrtailment 0 we Cams, bul in practice, the bars are bent and not curtailed in 
pou" 


’ 
sab 
, gnearD 


, syne ae. 
reinforcemen 


esign 

e sale in shear (nominal shear stress is very low since b is large] therefore no 
t is provided in slabs except that the alternate bars are bent up near the 
che? 
| support 

| tas 
» various loads coming on a slab are as follows: 
fF Self weight (dead load) of the slab 


(a) Live loads as per use. 
_., Finishing and partitioned loads. 


‘ 4 ds on Slab 
9 4.4- 


(jut) 
The 
ESIGN OF ONE WAY SLAB 


se loads can be taken from IS code 875 (Part-I) and are given in Chapter 1. 


46.0 
One way slab is designed exactly as a rectangular beam (given in chapter), the only difference 
are followin - 
) The width of the beam ts assumed as one metre. 
(i) The depth of slab can be assumed on the basis of control of deflection. Using balanced 


] 
percentage of steel the ( ‘] ratios are modified. To start with the span to depth ratios are 


approximated as following for initial depth tral calculations. 
(1) For simply supported slabs, 25 tu 40 
(2) Forecantilever slabs 10 


(ii) In addition to the main tensile reinforcement provided along shorter span, transverse 
reinforcement or distribution reinforcement is provided. 


(iv) Some of the main bars ina slab are bent up near the supports t from centre of the support } 


(v) Shear is to be checked only. No shear reinforcement is provided. 


a ata ee a . . = a 
ee | all ‘ a P . = = = s_ = mol = om ee 
i ar at Pe ge i ee el ee = a = na - = —f-£ or = = a" 1 = ee 
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DESIGN OF ONE WAY SLAB BY LIMIT STATE MeTyo, 


Example on moment of resistance of one way alah 





———— ae ee = 
“EL. | 


a= 








Example 9.1, 7 a — | 

Determine the ultimate moment of resistance of a 150 mm thick tlaahy rein ae. 

10 mm @ bars at 200 mm e/e. The effective cover is 25 mm. Use Men concrete OTe in 

steel. and p, ‘ te 
l= 150-25 « 195 Iirn | 


Solution. (riven, DD = 150mm, 
10mm 6 & 200 mm cic 


ih 
+l 
" 


20 N/mm 
416 N/mm* 
slab, calculating A,,, 


-_s 
- 
i 


i 
® Taking 6 = 1000 mm for 
10001A,) 10004 ¥ 102 


Ae = “Spacing = 299 = 494 mm* 
@ Depth of neutral axis (x,) 
0.87f,-Ay 0.87 «415 + 393 


z,= O0456f,.b ~— 03672071000 


x, = 19.6 mm 
Xuma = 9.48 = 0.48 » 125 = 60 mm [Table s » 

Mex < 2X, may Hence the section is under-reinforced. ic 
M O.87f, .A,, (d -O.42x, | 


oe 


MW 


0.87 « 415 + 39911295 -0.49» 19.6) 


M, = 16568520.96 Nmm 
M, = 16.56 kNm 


Examples on design of one way slab 


Example 9.2. _ 
A simply supported slab of a corridor of a hospital building has a clear span 25m 
and is supported on beams 230 mm width. Design the slab, if the beam is carrying a 
live load of 5 kN/m*. Use M20 concrete and HYSD Fe 415 bars, 


Solution, 








@ = 6Assuming total depth = 120mm id F s ' = ~ 100 msm 
at) ad 


d= 120-20 = 100 mm, assuming effective cover = 20 mm 





—— SS a 
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One Way Slab 





(D 
aive ~* 
affect pe least of the following : 


I ou" to centre spacing = 2.5 + 0.23 = 2,73 m 


i) el qa an + © 
ie | 
je gad (w,) factored moment (M,) and shear force (V,) 


fective depth = 2.5 + 0.1=2.6m 


q ith of slab 
ght ofslab = 0.12 x 1 x 25 = 3.0 kN/m? (Unit weight of R.C.C. = 25 kN/m’} 
Live load = 5 kN/m* 
Totalload = w=5+3= 8.0 kNim? 
pesign load=w, = wx 15=8x 15 [Load factor = 1.5] 
w. = 12kN/m* 


l 
T 
Fo celf we! 


Ww, i 12 x2.6° 
Factored moment = M,= 

















M, = 10.14 kNm or 10.14 x 10” Nmm 
oy _w,-L 12x25 
Factored shearforce = "y =— oo 5 
=- 15 kN or 15000 N [where L is the clear span] 
. pifective depth required 
My mux 
aa a = 0.48 [For Fe 415 steel, Table 5.2] 
( 
| —_— 0.422. nas 
R, = 0.36//4 7 —_ 
- 0.36 x 20 x 0.48 (1 — 0.42 x 0.48 
R, = 2.76 
6h = 1000mm 
d _ [eM Wa 10 60 mm < 100 mm hence O.K. 


rad. ~ Rb \2.76x 1000 


Adopt D = 120 mm and d= 100 mm 
d > dq, Hence the section is under-reinforced. 


f Area of tension steel (A,,) 








M 


ii 


lh 


| Aufl, 
08tf, Ayd[t- nt 


a A, x 415 
& cna - .— —— 
10.14 x10° = 087x415 x Ay 100| aise | 


10.14 x 10° = 36105A,,-7.49A4 


| 
| 
| 
I 
i 
| 
| 
| 
| 
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A2 - 4820.4A,, +155 10" 





4820.4 + (4820.4)? -4x 135x105 
igi Ree a es 


= 300 mm 


af 
Using 8 mm 6 bar 


if 


Area of one 8 mm dia bars,A, = | * 8° = 50.3 mm 


1000.4, 1000 « 50.3 
Spacing of bars = a =—a0 
= 167 mm say 160 mm 
The spacing should be less than 
GQ) af =3 x 100 = 300 mm 
(u4) 300 mm 
1000 x 50.3 


— a 
Ay) provided = 160 = 314 mm 


As per IS code minimum area of reinforcement to be provided is 


= 0.12 4D/100 [For HYSD bars} 
= 0.12 x 1000 x 120/100 
- 144 mm < 300 mm Hence Ok 


-. Provide 8 mm 6 bars @ 160 mm c/c in shorter span. 


tf 2600 .. , 
Bending half the bars at 375 mm E ae 37] mm | from the centre of support or 


375 - 230 _ 960 mm from the face of the sunport. A,, at supports is half of that at mid-span. 
2 


= ~157 mm? >120mm’* hence O.K. 


oo 


Ast provided at supports = 
& Distribution steel 


= 144 mm- 





0.12bd 0.12 x 1000 x 120 


Area of distribution steel = 100 100 
HK nf peace 
Using 6 mm 9 bars, A, = 4 «6° = 28.5 mm 
1000.A, = 1000 x 28.3 oo 5 seme 
Spacing = i: a ce |? =196.5mm say 190 mm 


«. Provide 6 6@ 190 mm c’c in Jonger direction 
(the spacing should be less than (i) 5d te. 5 x 100 = 500 mm, (4) 450 mm) 





vA 





One Way Slab 





V, = 15000N 
ea Y WOO ns % 
Nominal shear stress = T, = bd 100x100 015 N/mm 
; 1OOA 100«157 see 
a a | 0 0.15% 
At support, A,, = 157 mm’, P, re hd ~ 100 1000 


| For M20 concrete and P, = 0.15 % from Table 5.5. 
t, = 0.28 N/mm? 


For 120 mm depth k = 1.5, from Table 5.6 
t, forslab = &.t, = 0.28 x 1.3 = 0.36 N/mm? > t,. Hence O.K. 


g Check for deflection 
100.A,, 100%314 


= SIS 
P,= bd 10071000 


Fg tony a ' a 
0.58/f, a | = 0.58 415| 20° |- 230 N/mm 


i, = sane 
For P, = 0.31% f, = 230 N/mm’ from Fig. 6.1 
For f,=190N/imm* PP, = 0.31 k, = 1.89 
Forf,=240N/mm*—P, = 0.31 k,=1.47 


For f, = 230 N/mm’ 
(189-147) oer 
_ 9 R9— ~~ * (230 — 190) 
k, = 189-370-190) - 


k= 1.55 


l } 2600 
— Se eed taser ‘ 
a provided ~ 100 — alanis 


= 20xk, =20%1.55=41 
mae 


Rls 


t) (2). stewottt 
Lae > \d | provided Hence O.K. 


& Check for development length 





Auf, | 


ve = OTF, Add[) "hae 


At supports My 


| 157 «415 
' ales r , wi - ie ~= SS EEE ee 
M,, = 5483819.9 Nmm 


V = 15000N 


i 
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240 | _ALC.C. Design and Drawing 







Using no hook J, = 0 











M r 
aly ' 5483819.9 as : 
sible - eee 
' MO.87f, ) 
“dt 4T)4 
8x 0.87 x 419 _ ga —_ | 
Sai bal2 we yg LO 12 or e415, Tables 
e5.g 
M., 
vr +1, #« Ly 
Hence codal requirements are not satisfied. Therefore providing a 90° bend at the ce 
support nee of 
[, = 86=8x8=64 mm 
M 
= +lo = 366 +64 =430 mm >L, 


Hence codal requirements are satisfied. The arrangement of reinforcement is given in Fig, g 4 


#8mm @ 320 mm cic 


| 250 mm | _#6 mm @ 230 mm cic / call 





| 120 mm 
= 
| 260mm | #68mm @ 160 mmci/c | 
-_ 25m | , 
mm i | mm 
Fig. 9.4. 


Example 9.3. _ | | — — 
Design a simply supported roof slab for a room 75 m x 3.5 m clear in size. The slab is 
carrying an imposed load of 5 kNim*,. Use M20 mix and Fe 415 steel. 


'f | . 
Solution. a = is +2 hence it is a one way slab. 


4 





29 


150 mm 25 


= Assuming total depth 
d dia. of main 


_ _~99-5 =~ ym [Clear cover 20 mm an 
d = 1150-20-90 125mm | ean 


®@ Effective span (/) 
It should be least. of the following 
G) Centre to centre distance = 3.5 + 0.2 = 3.7m 


(a) Clear span + Effective depth = 4.5 + 0.125 =3.625 m 
“ | = 3.625 m 





Assuming bearing = 200 mm 
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One Way Slab 
“, Design load (tr,) and factored moment (MM, ) 
Self wt. ofslab = 0.15 x 1.0 x 95 
= 3.750 kN/m 
Imposed load = 5 x 1 =5 kN/m 
Total load (w) = 8.75 kN/m 
Design load (w,) = 8.75 x 1.5 = 13.125 kN/m [Load factor = 1.5] 
w, 1° 
8 
— 13.125 x 3.625" 
? ——_ — =216kNm 
M, = 21.6 x 10° Nmm 
8 Effective depth required 


[Unit weight of R.C.C. = 25 kN/n."] 


I 


Factored moment 


x ig 1X 


—— = 0.48 [for Fe 415 steel, Table 5.2] 


| 


R = 0.36 Tu max i Ut man 
2, = 0396/4 =" ae 0.42 "tm “soa | 


ae 


. = 0.36 x 20 x 0.48 (1 - 0.42 x 0.48) = 2.76 


_ 21.6 x 10° 
req \ Rb b - 2.76 = 1000 


d>d__., Hence the section is under reinforced. 





a =§8 mm <125 mm hence O.K. 


@ Area of tensile steel (A,) 


M 


ua 





a, 
0.87/, A,,d|1-— ahs 
f.,.bd 


21.6x10° = O87 415xA,, «1251 _ Ay x 416 | 


20 x 1000 x 125 
On solving, we get 
21.6 10" = 45131254, -7.49A2 
AZ -6025.5A,, + 2.88 x 105 


I 
SS 





(6025.5)" - 4 x 2.88 x 10° 
af : 9 . 





A, = 523.4 mm* 
Using 10 mm dia. bars, A, = = 7H 10° = 78.5 mm” 


I . 1000 x A, Ww [oF 
Spacing of 10 mm dia. bars = _ 1000 » 78.5 


See | u 
—_ | —_ = 
A 524 4 = 150.17 Mi 
a) on i 
af 
P| 
Bar ane ee = 
ee te ae re a a a el 
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SS = ee 


from the face of support. 


w Distribution steel oo 
Distribution reinforcement is provided in the longer direction i.e, 7.5 m, choosing mi F 
= 0.15% of X-sectional area 


Using 6 mm 6 bar 


Spacing of 6 mm 6 bar 


Factored shear force = 


; - Provide 10 mm ¢ @ 150 mm c/c 
This spacing is less than 
(i) 3d =3x 125=975 mm 


Bending alternate bars at 510 mm | 


+ Provide 6 mm 6 @ 125 mm c’c in the longer direction. 


@ Nominal shear stress, T, 


From Table 3.5, 





R.C.C. Design and Drawing 


from centre of SUPPort o 


0.15 x 1000 x 150 = 225 mm? 
100 


x6" = 28.39 mm 





® Design shear strength of concrete (tJ 


tl 


= 0,328 N/mm" 


ne” 
A, at support = — 


0.21 and M20 conerete 


f (ae p 100A ,. 








_One Way Siab 








E - 


100x523 
P. = 1000x125 


0.58/, inn 


0.4% 


~ 
i! 


Ag provide 





5 | 923 
f, = 240 Ninn 
<a = 08%, 15250" vim”, &, = 1.55, From Fig. 6.1 
res 1) 
(S) = 20xk,=20x 1.55=31 
cf 3625 _ 
a) td = «195 — 


a, 3) hence O.K. 
Reta. ” VO Fae ence O. 


ment of resistance at support by 10 mm o bars € 300 mm c/e = M, 


Vor 
523 | a 


_ Ae 
M, = 0.877, A, -a{t- Bes) 


- 0.87415 x 266 x 1251 = 





415 x 266 — 
90x 1000*125 
= 11.47 x 10° Nmm 


Providing no hooks l, = 0 
M, 1147x10° 
vote 22970 = 
— (0.87f, 0 _ 0.87 x 415 x 10 ae 
“a ~ 4T. 4x12x«16 
NY. 
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R.C.C. Design and Dra wing 


Fig. 9.5. 












Z — #10 @ 150 mmcc e410 “-, 
B00 1 r—- #10 @ 150 mm cic ‘- 
Ee 


1g 10_,, ; 
. -f10 @ 150mmece 


Fig. 9.5. 


9.6. CANTILEVER SLAB OR CHAJJA (BALCONY) 

One way cantilever slab or chaja Is designed as a cantilever beam of one metre width. 7, 
points to be considered in design of one way cantilever slab are following: he 
The effective span of cantilever slab is equal to the unsupported or projecting lores, : 





l. 
slab. 
) . , , hoy ta, | Span 
2 The effective depth at fixed end is maximum and is assumed to be about - to _ 


[from deflection consideration] 


Be " ] 1 ite | 
The depth required at the free end is minimum and Is kept 5 to 3 of the depth at fixeg 


end. 
The main reinforcement is provided at the top and is to be curtailed at appropriate point, 





4. 
Example on design of cantilever slab 








Example 9.4. . | 3 
Design a cantilever slab for an overhang of 1.25 m. The imposed load on slab consists 
of 1 kN/m? of live load and weight of finishing is 800 N/m". Use M20 concrete and Fe 4b 
steel. 
Solution. Given, f= 125m ; 
Imposed load = 1000 N/m*~ + 800 N/m” 
= 1800 N/m* 
f, = 20 N/mm* 
f, = 415 N/mm* 
) | l = 1250 = 125 mm 
m@ Assume D = 150mm Depth “10..+«:10 
d = 150-20-5=125 
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Selfwt. of slab 


Imposed load 


Total load, w 


Designed load 


tt" 


MM 


Factored moment 


M. 
M 


ractored shear force, V, 


x 


UTA 


7 


R 


d 


s Area of steel (A,,) 


td 


reqd 


reqd 


M, 


6.504 x 10 


6.504 x 10° 


re 


A 


6 


A; - 6025.5A,, + 868357.8 


ef 


ef 


— 
— 


iT) 


I! 


Hl 


One 


eg land (10, aid factored moment (M ) 
poss 0.151% 25000-3750 


1800 x l = 
5550 N/m 


Way Slab 


WNT, = 5550 x 1.5 


$325 N/m 


iF 


6504 Nm 


Yel all 
2 


_ 8325 x 1,952 
OO 


2 


6.504 x 19° Nmm 


w, 2 = § 


325 x 1.25 = 10406.25 N 


Minimum effective depth required 





Im (Unit weight of R.C.C. = 25000 N/m") 


[Table 5.2 for Fe 415 steel 





0.48 
0.36 My max Xu max 
fk —— h- 0.42 - 7 


0.36 x 20 x 0.48(1- 0.42 x 0.48) 


2.76 


_ [BL _ [B08 x08 
7 \ R, 5 \ 2.76 = 1000 


49 mm < 125 mm. Hence O.K. 
- The section is under reinforced. 


NH 


i 


0.87 i A 


, 415A 
O8Tx 46s 1254...|3-—_ 
= ( 1000 x 125 x 20 
45131.25A,,-7.49 A> 
0 


6025.5 + 


148 mm" 





. fA 
eal bd Fi, | 





(6025.5)* - 4 x 868357.8 
9 
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R.C.C. Design and Drawing 
ore than minimum area of reinforcemens | 
i | 





This area of steel should be m 


X-sectional area 
0.126D 126D _ 0. 12 x 1000 x 150 = 180 
7 “00 100 mm* > 148 mm? 
180 mm* 


Providing A,, = 
TN Hp2 Fk = ee te 
Using 8mm barA, = 3 ~* 8° =60.Jd mm 
1000 x 50.3 | 
Spacing of 8mm bar = ——qgq =279mm say 270 mm 


Maximum spacing is limited to 
(i) 3d = 3 x 100 = 300 mm 
(a) 300 mm 


+ Provide 8 mm ¢6@ 270mm c/c as main steel 
Also providing 8 mm 6 @ 270 mm c’c in other direction also as distribution reinforce, 
ent, 


@ Check for shear 
4617.2N 

100 x 50. ; 

A seprowicted = —— = 186.3 mm* 


V, _ 10406.25 , 
10406-°2- — 0.08 N/mm’ 


= bd 1000x125 


V, 


Ml 


Nominal shear stress, T,, 


@ Design shear strength of concrete (T,) 
p 100.A,, 
coal hd 


p= MERI ase 
Far P. = 0.15% and M20 concrete, from Table 
- 0.28 N/mm* 
1.3 [Table 5.6, ¢ = 125 mm] 
1.3 x 0.08 


a | 
~ 9 
ll Tl 


Oa 

ry 
a] 

I 


0.36 N/mm* >> t,. Hence O.K. 


ut} 


into support 


= Checking for development length 
The code requires that the reinforcement must extend at least Z 
O.(0. B7f, ) 
ba = Tad 
8x O.B7 «415 
4x16x 12 


L, = 376mm 





[t,,, = 1.6 = 1.2 for Fe 415 Table 58 
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One Way Slab 





mnerefore enn ae in Fig. 96 = support after giving a 90° bend for a distance 
(280 + 


nm Y 








"8S 270 mmelc 





#8 G@ 270 mmcic 








! 
Fl mn 
Fig. 9.6. 
5 Check for deflection 
P, = 0.15% 
A 
f = 0.58/, [art 
; Ant provided 
| | 180 | 2 
= 0.58415 = 293 N 
™ x| 80. 223 N/mm 
For P, = 0.15% and f, = 223 N/mm* from Table 6.1 
k,=2.0 (approximately) [values lower than 0.2% are not given) 





+) 1250 
E provided = 125 =10 


i | 
E \. m # provided hence O.K. 


=| 


Pe a cs. 
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DESIGN OF ONE WAY SLAB BY WORKING STRESS METHOD 





= 


aving inside dimensions 3.2 m x 7.5 
| room having inside dimensions .2 | Mm. The 
for Aa 3(0 mm. The slab is to be finished with 100 mm lime 
ight of which is 19200 Nim”. The superimposed 





Example 9.5. | 
Design a R.C.C. slab 
thickness of supporting ge : 
ste flooring at its top, the unit we baie ge L 
coercing ahels tans be taken as 2500 N/m*. Assume the slab as simply supported Pm 
se iemitc ele steel reinforcement. [BTE Punjab 2007] 


its ends. Take M-15 concrete and mild 


Solution. 
i, 75 “5 t0 , ‘slab 
 ._ $"°=93 >2, hence it 1s a one way! ' 


aa 
mt 


# Calculation of design constants 
m - oo = 288 = 18.66 
| SO Ay gx o 
18.66 x5 


More  _ 19 7 
~ 18.66 x5 +140 





gs Calculation of total load (mw) 
3200 _ 198 mm 


ee EE 


Taking , = Zi, = 55 24 
= 160mm 


Overall depth assumed 
av (Assuming 20 mm clear cover and 


- J60-20- > -135 mm 


Effective depth 
10 mm dia. of main bars) 


Taking 6 = 1000mm 


Self weight of slab = 0.16 x 1 x 25000 = 4000 N/m 


— ¥ 
(Unit weight of R.C.C. = 25000 Nim] 


Weight of 100 mm thick lime concrete flooring 
100 119200 =1920 N/m 


= 1000 


Superimposed load = 1 x 2500 N/m 
w = 4000 + 1920 + 2500 


Total load = 
8420 N/m width of slab. 


[u 


5 ay 
NN 
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One Way Slab 





Effective span 

the effective span of slab shall be least of the following : 
4) C/C of bearing = 3.2 + 0.8 = 3.5m 

yz) Clear span + effective depth = 3,2 4 0.135 = 3.335 m 
{= 3.335 m 

gs Maximum bending moment (m) 


wi*  8420x 3.335" 
5 gg. 
11706.14 Nm = 11.7 x 10° Nmm 


g Minimum depth required 


. - M _ 11.7x10° 
reqd ~ V Rb 0.867 x 1000 


116.6 mm < 135 mm, hence O.K. 


M = 








-. Adopt D = 160mm 
d = 135mm 
# Area of steel (A,,) 
M 
Au = Gd 
11.7 10° 
— 140 0.867 x 135 
A _ 0.15bD 
9 Armin 100 

= EE Pe _ 10,15 x 1000 x 160 

Assuming 10 mm 6 bars to be used 1U0U 
= 240 mm” 


rl 


Area of one bar = a* 10° = 78.54 mm?” 


. 78.54 x 1000 
cc spacing of 10 mm 6 bars = a 110mm say 100 mm 
78.54 « 1000 
Actual A,, provided = —tTn) = 785.4 mm* 


® Check for spacing 

The spacing of bars should be least of the following : 
Qi) 83d =3 x 135 = 405 mm 

(2) 300 mm 

“. Provide 10 mm ¢ bars @ 100 mm c/c 
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Distribution steel 
Area of Distribution steel 


Using 8 mm 0 bar 


Area of one 8 mm 6 bar 


Spacing of 8 mm 9 bars = 





R.C.C. Design and Drawin 


0.15% of the cross-sectional area 


0.15 169 x 1000 = 240 mm? 
100 


ris s* = 50.26 mm? 


50.26 x 1000 


240 


This spacing should be less than : 


() 5d=5%135=6/75 mm 
(a) 450mm 


« Provide 8mm 6 @ 200 mm c/c as distribution steel in the longer direction. 


@ Check for deflection 
P, = 


=> 
it 


For P, = 0.58 and f, = 132 N/mm” from Fig. 6.1 (Taking f, = 145 N/mm* approx.) 


1.95 — 1.79 


k, = 95 -[ eT 


Om 
d ULE 7 
(7) 

ES evgviden re 


(a)... > 


8 Check for shear 


Maximum shear force = 


Ve 


100.A,; 


bd 


100 x 78.54 
~ 1000x135 


A ' unre 
0.58/, | eee | 


het provided 


= 209 mm say 200 mm 


= 0.58% 





0.58 x 250 itd 


785.4 


132 N/mm" 


} (058 - 0.5) = 1.8 


20x Ak, =20x 1.8=96 


3.335 x 1000 
135 


a) 


24 


{ 
t i hence 0 | K. 


wl, 
2 


3.2 


8420 x 


2 


229 


= 13472 N 












One Way Slab 


ear stress = Ty ° 


., = —18472 
¥ ~ 1000135 
For M15 concrete and P, = 0.58%, from Table 3.1 
(0.34 - 0:29) 
0.75 - 0.5 
= 0.306 N/mm” 
permissible shear stress for slab 


= 0,099 N/mm? 


To = 0.29+ x (0.58 - 0.5) 


= Te x b 
1.30 for solid slabs 
0.306 x 1.3=0.39> ty [Table 3.2] 


Hence, no shear reinforcement is required. 


ar 
Il 


g Check for development length at support 


3.d35 x 1000 =. 3 
Bending alternate 10 mm 6 main bars at a distance of - .— ~ 450 mm from the 


centre of support or 450 — 200 = 250 mm from the face of support (assuming 200 mm bearing). 
Area of steel available at support 


_ ; % 785 = 392.5 mm? 


o., XA,,jd 

= 140 x 392.5 x 0.867 x 135 
= 6431622.75 Nmm 

The bars are given a 90° bend at the centre of support 





i, = 8¢=8x10=80 mm 
My 6431622.75  o, 
Slay. . Bavsdec./o 
yo 13472 °° 
= 557mm 
0.6, 10x40 9 : 
L, = Sry =ASOG [t,, = 0.6 N/mm* for M15 concrete and 
plane mild steel bars, Table 3.4] 
= 583.3 mm 
M. 
a +1p P L, 


Hence codal requirements are not satisfied, Therefore adopt another bend of U type at the 
tentre of support. 
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i, = 16x¢= 16x 10 = 160 mm 


M, 643 1622.75 i = 
ee = —— +160 = 637.4 
y *o= “43472 oie. 


—— + fp > L, 


Hence codal requirements are satisfied, 


Thickness of slab ; 160 mm 

Main bars: 10 mmo @ 100 mm e/c, Bend alternate bars at a distance of 250 mm fh. 
of support | 

Distribution bars : 8 mm 6 @ 200 mm c/e 

Provide U-bend at the end of main bars at the centre of support. 


&Ammo @ 200 mm cc 





Fig. 9.7. Elevation. 
Example on design of cantilever slab 


Example 9.6. ae —————————— 
Design a cantilever chajja to carry a live load of 750 N/m*. The overhang of the slab is 
15 m. Take M20 concrete and Fe 415 steel. 


Solution. Given, L=15m 
Live load = 750 N/m* 
o, = 7 N/mm* (For M20 concretel 
o, = 230 N/mm” [For Fe415l 


™ Calculation of design constants (k, j and R) 
280 _ 280 4iaan 

n= 30,), = a7 7 = 13.33 
— MO, NST 0.96 

~ mo, +60, 13.3374 230 7 eae 
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ive depth is assumed as Span 
10 


pftec 


d = 1500 _ 
19 ~!50mm 


overall depth required at support 


Assume D = 


= 155 mm 
average thickness of slab = —22+100_ | 
9 = 40 Mmm 

a Total load (w) (Taking 6 = 1099 mm) 
Selfweight = 0.14 x 1 


25000 = 45 3 
Live load — 1 x 750 $500 N/m 


= 750 Nim 
Total load = w = 3500 4 750 = 4250 Nim 
gs Maximum bending moment 


Ay. wWle _ 4250x152 
a i 


s Minimum depth required 


a. [ML _ [4.78x10° 
“= VR ~ 091% 1000 


75 mm < 155 mm (assumed) hence 0.K. 





® Area of steel (A,,) 


M_ _ _4.78x10° _ 
4G) jd  230x0.9x155 
= 320.5 mm 





This area of steel should be more than minimum reinforcement 
= 0.12% of bD 


“ on ¥ 1000 x 180 = 216 mm? 
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916 mm’ < 320.5 mm* 


Ay, reqd 
1000 x 50.3 oe 
Spacing of 8 mm dia bars = —7005 | 


The spacing should be less than following : 
(i) 3d =3 x 155 = 465 mm 
(a) 300mm 
+. Provide 8 mm 6 bars @ 150 mm c/e and 
1000 x 50.3 a 
Ast provided = 150 = 335 mm 





® Distribution steel 
Area of distribution steel = 0.12% of total cross-sectional area 


Choosing spacing 8 mm ¢ bar 
1000x60.3 . | 
Spacing = ———— = 282 mm say 220 mr 
Spaeng 216 ; os 


.. Provide 8 6 bars @ 220 mm c/c as distribution steel in the longer direction. 


B® Check for shear 


Max. S.F. = V =wbh =4250x1.5=6375N 
_ VV __ 6875 _ ag a 
ty = 7 = ioo0x1ke 0.041 N/mm 


100.Ay _ 100x335 _ 9,14 


bd = 1000x155 





P= 


For P = 0.21% and M20 concrete, fram Tahle 3.1. 
= 0.28 N/mm? 


Te 
For solid slabs hk = 1.25 [Table 3.2, ¢ = 180 mm] 
Tc = 0.28 x 1.25 = 0.35 N/mm’ >> 1, 


Hence no shear reinforcement is required. 


# Check for development length at the support 
L, must be provided at the support 
0.54 10x 230 


a sla 


L, = 


Note : 1 = wat 2 : 
Tad = 0.8 N/mm* for M20 concrete and plain bars and for Fe415 steel, Table 3.4 Tg = 1.6% 0.8 = 1,28 


Nimm?* 
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One Way Slab 


BO 150 mmeic 20 mm 


100 mm 
+— 


—* 





#8 O 2270 mmecic 


Sm 


Fig. 9.8. 


— OBJECTIVE TYPE QUESTIONS = 


/() Fill In the Blanks : 


l. 
slabs have — > 2.0. 
————_— i’ 


L. 


9 In one way slab, bending takes place in —S——__—s direction. 


3, If 2-<2.0 then the slab ts called as 








x 

4, Two way slabs are more than one way slab. 

5 In one way slab main steel is provided along span. 

6. The minimum area of reinforcement in a slab is __ of X-sectional area for Fe 415 
steel. 

7, The maximum diameter of a reinforcing bar in a slab is not more than | of the 
total thickness of slab. 

§. Distribution steel is provided to protect against and stresses. 

9. Spacing of main steel in a slab is not more than or 

10. In two way slab, bending takes place in directions. 


(8) State True/False - 


l 
l. Two way slabs have , > 2.0. 
x 
3 In one way slab. bending takes place along shorter span. 
4 The minimum area of reinforcement in a slab is 0.20% for mild steel bars. 
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10.1. Introduction oF way ela 


10.2. !S Coae wathod of Desion 


Di ccmenreeneaesteee aes 


10.1. INTRODUCTION | 
2 
e supported on all the four edges and having , <20 


<Jabs are those slabs which ar nges 
longer direction as well as shorter 


Two way 
In these type of slabs 
direction. There are two kinds 

(1) Restrained Slabs : When a two way slab is 
cormers can be prevented from lifting by providing fixid ams or 
Such type of slabs in which the corners are prevented from lifting are called as restrained slabs. 
. ecia lon reinforcement Is provided at the edges fo prevent cracking of the | 


held down. 


bending occurs In both the directions 1.e. 


of two way slabs : 
loaded, the corners get lifted up. These 


ity at the supports by beams or walls. 


DS 
In these sia5s special tors 
<e are also called as slabs with corners 
two ways of providing fixidity int 
beams and the beams and slabs are cast 


corners. The 
The indian standard specifies 
j) The slab is simply supported on four edges by 
monolithic! at the same time). 
| _ is supported on the edges by the four walls and there are superstructure walls also 
above the slabs. 


he case of restrained slabs. 


FI: 


(? LU in an, * | af - : 7 : 
wien Unestrained Slabs : The slabs in which corners are not prevented from lifting art 
es unrestrained slabs or slabs with corners not held down. | 


[= 


ooo 
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_ —___- ae Pay Ses 
METHOD OF DESIGN OF TWO Way SLAB (ANNEX D, IS 456 :2 


gest : ers of a Slab are prevented from lifti . 
(le. onthe il om lifting, the slab may be designed as specified in 
| wn 14] below 
gt . — | | | 
| The maximum bending moments per unit width in a slab are given by the following 
| 1. - 
wo 2 
M, = a wl; and M, =, wl? 
and a, are coefficient given in Table 10.1. 
ane? , w= total load per unit area 
MM, = moments on strips of unit width spanning /, and /) respectively, and 
{, and i, = lengths of shorter span and longer span respectively. 


abs are considered as divided in 










S| 
- ato middle strips and edge 
‘rection into my | p , | , 
oie 4s shown in Fig. 10.1, the middle |,! = _ _ _ Edge strip _ _ — 
sin eink three quarters ofthe width and 5 aden E - | 
5 nedge Strip one-eighth of the width. E ddestip =, @ Middle strip | 
eat uu! MT | 
rn a) reer 





maximum moments 


13+ The ) . ! a) 
Jated as 10 1.1 apply on to the middle +— a, — + 
| . and no redistribution shall be made. }¢~——_—_1—1, wie j¢—$<$$<—${—_——__ 
1.4. Tension reinforcement provided at Fig. 10.1. Division of slab into 
aid-span in the middle strip shall extend middle and edge strips 


art of the slab to within 0.25! 


inthe lawer Pp 
or 0.15/ of a discontinuous edge. 


ofacontinuous edge, 


1.5. Over the continuous edge of the middle strip, 
the upper part of the slab a distance of 0.15/ from the supports, an 


extend a distance of 0.32. 


the tension reinforcement shall extend in 
d at least 50 percent shall 


ey depend on degrec of fixidity 


1.6. Ata discontinuous edge, negative moments may arise. Th 
fthat provided at 


atthe dge of the slab but, in general, tension reinforcement equal to 50 percent o 
mid span extending 0.1/ into the span will be sufficient. 


1.7. Reinforcement in edge strip, parallel to that edge shall comply with minimum given in 
chapter 9 and the requirements for torsion given in 18, 1.9 and 1.10 shall comply. 


18. Torsion reinforcement shall be provided at any corner when the slab is simply supported 
on both edges meeting at that corner. It shall consist of top and bottom reinforcement, each with 
| layers of hars placed parallel to the sides of the slab and extending from the edges toa minimum 
distance of one fifth of the shorter span. The area ef reinfarcement in each of these four layers 
shall be three quarters of the area required for the maximum mid-span moment in the slab. 


= 1.9. Torsion reinforcement equal to half that described in 1.8 shall be provided at a corner 
ntained by edges over only one which th slab is continuous. 
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10.1. Bending Moment Coefficients for Rectangular Panels §, 
at Corners (IS : 456- 2000, . 


“Table 


Four Sides With Provision For Torsion Ported 


3 On 









Type of sil ee 
moment 













Inferior Panels 
Negative moment at 









0.0g2 
















| continuous edge 





0.024] 0.028] 0.032] 0.096 | 0.009 


Positive moment at mid-span 








One short edge discontinuous 


| Negative moment at 









0.037 | 0.043) 0.048] 0.051 







continuous edpe 
| Positive moment at mid-span 





0.028 | 0.032] 0.036 | 0.039 


One long edge discontinuous 
Negative moment at 











0047 












continuous edge 






Posttive moment at 0.028 0.044 









mid-span 


Tico adjacent edges 
discontinuous 
Negative moment at 
continuous cde 
Positive moment at mid-span 


Two short edges discontinuous 
Negative moment at 
continuous edge 

Positive moment at mid-span 




















0.0547 0.060 | 0.065 | 0 O71) 0.075 






















OO40)0 045) 00049 | 0.05497 0056) 0.065 | 0.069 























OO45 ) O09) 0.0527) 0056 | 0.059) 0.060) 0.065 | 0.069 






























0.049 (L045) O=.049 7 0 035 


0.045 





4377 0.040 td 








Two long edges discontinuous 






Negative moment at 0.045 


continuous edge 
Positive moment at mid-span 






















O35 


0.049) 0.051 0.057 Wy O0OS 


Three edges discontinuous 








(one long edge continuous! 














Negative moment at 0.057 0.076 | O.OS0] 













continuous edge 


Positive moment at mid-span 
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0.004 (0) O: Odd ) A bd 







Three edges discontinugus 











lone short edge continuous! 
O87 


| Negative moment at 











continuous edge 
oon 








Posttive moment at mid-span 


Four edges discontinuous 







WSS 


a 
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Positive moment at mid-span 











, __Two Way Slab 
“4.10. Torsion reinforcement need not be prov; 3 — 

which slab is continuous, provided at any corner contained by edges over both 
0 : 


















1.11. Where /,//, is greater than 2, the slabs shall be designed as spanning one way 


a) simply Supported Slabs (Unrestraineg Slabs) 

2.1. When simply supported slabs do not have 
and to prevent the corners from lifting, , 
} plowing equations : 


Ph mninacl adequate provision to resist torsion at corner 
“maximum moments for unit width are given by the 


M,= 0,wly and M =a, wil? 
tM, 1, J, te thier ) Marin 
qhere M,,M,,¢,,/, are the same as those in (1. 


fable 10.2. 1) and a, and a, are moment coefficients given in 


Table yee! oe moment coefficients for slabs spanning in two directions at 
right angles, simply supported on four sides (IS : 456-2000, Table 27) 


[ose [aos | oose [ones | ousr | owe | aaa] 0029 | aaa | oor 


2.2, At least 50 percent of the tension reinforcement provided at mid-span should extend to 
the supports. The remaining 50 percent should extend to within 0.1/. or 0.11. of the support, as 
appropriate. . ; 

Note: Shear check in the two way slab is done along both the directions and the values of 
shear force in the spans are as follows: 










<< 







r 





(t) Shorter span, V = wi,. 


x l. 
(i) Longer span, V — awl, where r = 


Note: For a two way slab the depth is assumed on the basis of span/depth ratios based on 
deflection control. 


For simply supported beams (upto 3.5 m span) 
Span/depth = 35, for mild steel 
Span/depth = 35 x 0.8 = 28, for Fe 415, deformed bars 
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DESIGN OF TWO WAY SLAB BY LIMIT STATE METHo), 


1 of Twe Way Slab 


Example on Design 
Example 10.1. 7 
reed concrete slab for a room of clear dimensions fm = 5m. The as 


Design a reinfo 
is supported on walls of width 300 mm. The slab is carrying a live load of 4. 
floor finish 1 kN/m*. Use M20 concrete and Fe 415 steel. The corners of sla}, mic | 
down. = 
Solution. Given: 
4,5 is 
a in 1.25 <2 hence this is a two way slab. 
mw Ac : - 180 | Assuming fy fo = gS ) 
ssuming D = 150 mm d 05 160 mm 

d= 180—15-4 = 161 mm (assuming clear cover as 15 mm and § mm as the dia. of main be, 





® Effective span 
Effective span in X-direction 
(‘) Centre to centre 4 + 0.3 = 4.3 m 
(i) Clear span + Effective depth = 4 + 0.161 = 4. 161m 
/. = 4.161 m and { =5.161m 


Similarly effective span in Y direction, /, = 5.161 m 





@ Design load (w,,) 
Self wt. afaines -~ 018x1x25=4.5kN/m [Unit weight of R.C.C. = 95 kN/m’) 


Finishing load = 1 x 1 = 1kN/m 
Live load = 4x 1=4kN/m 
45¢41+4= 9.5 kN/m 





Total load = 
(load factor = 1.5) 


Factored or design load = 9.5 x 1.5 
= 14.25 kN/m 


@ Since the slabis supported on all the four sides and its corners are held down. It corre spond | 


— oe 


to : Case 9, Table 10.1 
@ Design moment and shear 


From Table 10.1 


0.079 -— 0.072 | | 
—- 0.072 + ——————__ « ( OF,-1.2) 
CL, 13-12 “x (1.25 


a, = 0.075 
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a, = 0.056 
M,, = a,w, 1? 
M,,. = 0.075 x 14.25 x 4.1617 = 18.5 kNm or 18.5 x 10° Nmm 
M,,, = 0,w,l? 
M,,, = 0.056 x 14.25 x 4.161? = 13.81 kNm or 13.81 x 10° Nmm 
Maximum shear force = v 
be te. r ‘ine 1,25 
= Ok, [e : -| - 14.25 x 4.161 x Pests n | 


V, = 22.81 kN or 22810 N 
gs Minimum depth required (dant) 
M 


i 


digi= VR 5 |, = 2.76 for M20 concrete and Fe 415, Table 6.1] 
” 
| 18.5 x 10° 
~ ¥ 2.76 x 1000 
digi = 82MM <d,umea Hence O.K. 


s Design of main reinforcement 
(i) along shorter span in X-direction (middle strip): 


| 3 
Width of middle strip = =/ 


4 ¥ 
_ 3 ¥516=3.9m 
4 
d = 161mm 
Auf, 
M, = 087/, Aud ae 


= 
18.5x10° = 0.87 x 415 x Ast x 161 1- cade 
E = U. at 1000 «161 « 20 


A? -7760.A,, + 2463284 = 0 





7760.5 - (7760.5) ~ 4 x 2463284 


‘) 


A,, = 


A,, = 332.5 mm" 


Nog? ' 2 
Using8 mmobars Ay = ri 8° = 50.3 mm 
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1000 x Ag 
Spacing = As 
~ «882 i 
— 151 mm say 150 mm (spacing is less than 3d and 309 
ee ~ Mm) 
_ 012 pp = 012% 1000x180 _ ong mm” 
Ag min ~ 100 100 
A, nwt: = eq =335 mm” ><lomm”, Hence O.K. 


- Provide § mm 6 @ 150 mm c’c in the middle strip of width 3.9 m 
(ii) Along longer span in Y-direction (middle stnp): 


Width of midele strip = rie 


3 | 
— « 4.16=3.12 m 
4 i 


Effective depth along y direction, 





d = 161—4—4=153mm 
hyAg 
M = 0.87f,A,,.d|1-—— 


415A 
13.81 x 10° = 087x415 <A, 1531 Ta, 


AS -7325.1A, +183x10°= 0 





7325 - (7325)? - 4 x 1.83 x 10° 


Ay es 
F “ 
A, = 261mm*>A,,_.. 
: 1000 x 50.3 
Spacing of § mm dia. bars = ——{,,—— =192 mm [Spacing is less than 3d and 300 mm] 


261 
-. Provide 8 mm 6 bars @ 190 mm c/c in middle strip of width 3.12 m 
(i) Reinforcement in edge strip 

Ph cite = 216 mm” 
Using 8 mm 6 bars 
1000 x 50.3 


Spacing = a 232mm _ (Spacing is less than 5d or 450 mm) 


Using 8 mm 6 bars @ 230 mm c/cin the edge strip of width 5 5.16-3.9) ie. 1.04 malong 


X-direction an if 
ton and edge strip of width \ 4.16 —3.12) te. 0.52 m along Y-direction. 
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Two Way Slab 
g Check 


V 
T 


lominal shear stre = —-. 
Nominal tress = 1, = Fr 


22810 | 
eg) ee ey 2 


100A, 
bd 


100 x 335 
"= yooox16r = 021% 


For P, = 0.21 and M20 concrete, Table 5.5 


= 0.28 U.90 ~ 0.28 | | _ ee. 
Ts + 025-015 x (0.21-0.15) = 0.33 N/mm 


For 180 mm thickness of slab K = 1,24 from Table 5.6 [Cl. 40.2.1.1 of IS 456) 
Tt. = 0.33 x 1.24 = 0.41 N/mm’ > 1, 


-, Shear reinforcement is not required. 


@® Check for deflection 
, = 0.21% 


a> 
IL 


A 
fit, | qe 333 
i = 0581, | 3 — 058x415) 323 | = 940 N/mm? 


st provided 


For P, = 0.21% 


os 
| 


= 240 N/mm”, from Fig. 6.1 
k, = 1.6 


4 
ry} = 30 6=4 
(4 _ x 1.6 32. 


(i 
a > a) Hence O.K. 
® Torsional reinforcement at corners 


7 fy _ 4.16 | 
Mesh size = 5 = 5 = 0.652 mm BiLY 840 mm 
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Area of torsional reinforcement 


iI 


3 995 = 251 mm* 


Ag 7 "4 Rg = 50.3 


il 


Using 8 mm 6 bars 


1000 x 50.3 — | | | 
Spacing = 51 = 201 mm Say 200 mm 





Provide 8 mm mesh of bars @ 200 mm e/c in a mesh 


S Arrangement of reinforcement 
({) Bending half ofthe main bars at a distance of 0). 15f, t. c. 0.65 m from the centre ofsy 
or (650 — 150) 500 mm from edge of support along A direction available length fhe 
top = 650 - 130 i.e. 520 mm from centre of support. Ts at 
(it) Bending half of the main bars at a distance of 0.15/, t.e. 775 mm from centre of Support 
775-150 =625 mm from edge of support along ¥ direction, available length of bars site 
I! 


= 775 — 130 = 645 mm from centre of support. 


520 mm #8mm @ 190 mmcie 
+——# -#Hmm @ 300 mm cic 


500 mm, #8imm @ 150mmeci/c 
4.0m — 3 
44m 





4.67 





(a) Section along short span 


645 mm 
#8 mm & 190 mm cic 
r- 48mm @ 380 mm cle 


#8mm @ 150 mmer/c 





Fig. 10.2, (6) Section alang long span 
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Two Way Slab 


#8 mm @ 300 mm cic 


#8 mm @ 200 mm c/c 


840 mm 

#8 mm @ 190 c/c 
#8mm @ 150 c/c 
#8 mm @ 230 c/c 


#8mm @ 380 c/c 
































#B mm @ 200 mm cic 
#8 mm @ 200 mmcic 


300 mm c/c 






#8 mm @ 380 mmc/c 


PE LIBUIIIE 


(d) Plan of top reinforcement 


Fig. 10.2. 
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DESIGN OF TWO WAY SLAB BY WORKING STRESs | 
“THO) 


Example on Design of Twwo Way Slab 





Example 10.2. | Sti 
Design a R.C.C, slab for a room measuring 4 m x 6 m. The slab is simply: oa Tih 
all the four edges with corners held down. It carries a superimposed load se tr 
inclusive of floor finishes etc. Use M20 concrete and Fe415 steel, : 6000 Nit 


Solution. Given: 
Slabdimension = 4 mx 6m 


Superimposed load = 6000 N/mm* 
= 7 N/mm" [For M20 Cone re,» 


= 230 N/mm [For Fe415 sua 


—_ 


CT ye 
CT 


af 


Calculation of design constants (k, j and R) 
Ye on SHS 











m= 30, 3x7 
mT a 13.33 x 7 
i = a Se eas = saa = 0.09 
moa, +d, 13.33 = 7 + 290 | 
| 0.00 | 
= ]-—=] - —=f.™) 
J 3 9 | 


l 


R= saak, = 5 "709% 0.29=0.91 Nim? 


For a two way slab, the thickness is assumed from span/depth ratio for deflection control 


Span 
——_—F__ = 35 x 0.8 = 28 
Overall depth i 

p= 8-143 mm 


— 4. 


Assuming it tu be a little more as span > 3.5 m. So assuming ) = 180 mm 


d= 180-20- a = 155 mm [Assuming 20 mm clear cover 


and 10 mm ¢ of main bars) 


Effective depth in Y-direction = 155-10 = 145 mm 


8 Effective span 
Assuming bearing of slabe 150 mm 
Effective span in X-direction 
4) Centre to centre of support = 4.0 +0152 4.15 m 
iu) Clear epan «+ d= 4.040.155 = 4.155 m 
: l= 415m 
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Two Way Slab 


ne 0.145 an 
i) 6 , = 6.145 
, * y _ 6145 _5 4p 
L415 < 40 


eit 15 4 two way slab with corners held down. Case 9 of Table 10.1. 
| ont 
| flen Iculations (Taking 6 = 1000 mm) 


g ls Self w eight ofslab = 0.18 x 1 x 25000 = 4500 N/m 
| Superimposed load = 6000 x 1 = 6000 N/m 
Total load = w = 4500 + 6000 = 10,500 N/m 


: pending moments 
| 


i. 
for 7- = 1.48 [From Table 10.1] 
0.089 - 0.085 | | 
x. = 0.085 + ————___ (1 4n — _ 
se + (15-14) (1.48 - 1.4) = 0.0882 
a, = 0.056 


iM. = L wl? 
0.0882 x 10500 « 4.157 
15949.75 Nm = 15949757.25 Nmm 


1 


I 


M, =a, wi? 
0.056 x 10500 x 4.15" 
10126.83 Nm = 10126830 Nmm 


s Minimum depth required (d) 


[M_ ——-[15949757.25 
= ¥R.b = ¥ 0.91x 1000 


d = 132.4 mm <155 mm (assumed) 


Hence O.K. 

Adopt D = 180mm and d= 155 mm 
" _—— Along Short Span in Middle Strip 
For short span (x-direction), width of middle strip 


= “ly =< x 6.145 = 4.615 m 


Width ofedge strip = 5 (6.145 - 4.61) =0.765 m 
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M. 
Area of steel required = Ay, ~ oy jo 
15949757.25 
: = 9390x0.9*155 
= 497.1 mm*>A,, rl co in 0.12 x 1000 } 
min rt x 189 ~ 1 
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Ay 


2 ‘ Mm! 


ui! Oo 4 mar 
Area of one 10 mm 9 bar z x 10° = 78.54 mm 
L000 x 76.54 
497.1 
158 mm say 150 mm c/c [Spacing is not _— 
er thay 


3d 
Providing 10 mm 6 bars @ 150 mm c/c for the middle strip of width 4.65 m. Or 300 a 


a = Bendinghalfofthebars ata distance of 0.15/, = 0.15 x 4.15 = 0.65 m say 650 mm f 
centre of the support or at a distance 650 — 75 = 575 mm from the edge of the support. “Om te | 


@® Available length of bars at top 


- Spacing of 10 mm 6 bar 








| 130 
T 
| : 
155-20-5 
\ | = 130 
Fig. 10.3. 
= 650 -— 130 = 520 mm from the centre of support 
O.1/, = 0.1 x 4.15 
= 0.415 
= 415 mm < 520 mm 
. Hence O.K. 
& Reinforcement along the short span in the edge strip 
~ eee (minimum steel in case of HYSD bars! 
100 
0.12 
= 1000 x 180 
~ to” 
= 216mm* 
—— 1000 x 78.54 
“. Spacing of 1Omm6 bars = “a = $63 mm 


The spacing should be less than 5d i.e. 5 x 155 = 775 mm or 450 mm. 
’. Provide 10 mm 6@ 300 mm c’c. 
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“ qforcement along long span in middle str, 
iia: 





p ee eS 
width of middle stip = q/: =7*415=311 


Le, 
width ofedge stnp = 5(4.15-311)-950,, 


i afstee! requir e strip An, 


M 
Ay. = : 
0,,Jjd 





d = 155-10_10 


a Sees 


4. _ _10126830 
“s * 230x0.9x145 = 337.4 mm’ 


1000 ¥ 78.54 
337.4 


I! 


Spacing of 10 mm o bars 


= 232 mm say 230 mm c/c [Spacing is less than 3d or 300 mm] 
. Provide 10 mm 0 bars © 230 mm c’c for the middle stnp of width 3.11 m 


5 Bend half of the bars of the middle strip at a distance 

0.104, = 0.15 x 6.145 = 0.921 = 999 mm 
From the centre of support or 920 - 75 = 845 mm from the edge of the support. 
s Available length of bars at top 


ll 


920 - 145 - 20- 4 = 800 


0.10, = 0.1 x 6.145 = 0.6145 = 615 mm 
800 mm > 0.1/,, hence O.K. 


t Check for shear (short span) 
wi, 


i) Short span emg 


Ly va 
7 = 148 


10500 » 4.15 » 1.48 
2+1.48 
18531.9N 


F 


bd 


is | 
il 


Sears 
Nominal shear stress = Ty = 


- 185319 _ _ 9.12 N/mm’ 
1000 * 155 
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ro of steel available at supports 

1 (1000 x 78.54 —_— 
—| ——_—_———_ |= 261.5 mm* 
3( 150 oe 
p _ 100:Ax 
i. = a = 

100 x 261.6 — 
= ———— =0.17% 
1000 x 155 ; 


For P, = 0.17% and M20 concrete from Table 3.1 
| 0.36 -— 0.25 | 
Te = o.ns + { Boe 8 |x(0a7 - 0.5) 


0.30 N/mm" > 0.12 N/mm" 


Ty <t-. Hence no shear reinforcement is required. 


Y= Jl. 


(az) Longer Span 3 


1. 10500 x 4.15 = 14525 N 


V 


mw = Fe 


14525 | Thee: ona? 
= Seaas 0.1 N/mm 


r 
1 1000 x rams | =170.7 Nim? 


A,, available at supports = 3 330 


100.A 
P _ af 
bd 
100 x 170.7 
= a ans 
= Tne 
For P = 0.12% and M20 concrete, Table 3.1 
te = 0.28 N/mm*> ty, 
Hence no shear reinforcement is needed. 
Check for Development Length 
@ Shorter span 
Assuming bars are taken upto 75 - 20 = 55 mm from centre of the support [end cover = 20 mm) 


li, - 55 mm 


E 
4 
| 
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Two Way Slab 






= 
I 


= o,, xA,Jd 

= 230 x 261.8 x 0.9 x 155 
8399853 Nmm 
8399853 


nH oO 


Ge 
= : It, = 1.28 N/mm’ for deformed bars and 
hed 
M20 concrete, Table 3.4} 

10 x 230 
4x 1.28 


= 449.2 mm 


M 
= te > L, 


codal requirements are satisfied, 
Hence : 
fall ato't pport for al h of 75-20=55 fr ntre of the support 
sanding bars into the support for a length of 75 — 20 = 55 mm from ce : 

ain /, = 55mm 

M, = Og Ag, jd 

| 230 x 170.7 x 0.9 x 145 


I 


~ 5123560.5 Nmm 
M, 5123560.5 -- 
My, , _ 5123560.5 | 5. 
vy t'o =~ ya595 °° 


= 407.7 mm < 449 mm 
Hence codal requirements are not satisfied. 
Alternative Arrangement : Provide U-bend at the end of bars at centre of support 


Hence codal requirements are satisfied. 


. 1, = 160 
= 16 8 10 
= 160 mm 
M 5123560.5 | ,. | 
= oo aoe +160 =512.7 mm >L, 


Torsion Reinforcement 
Torsional reinforcement is provided at the corners. 


Area of torsional reinforcement 


= : x (Area of main tensile steel along short span, middle strip) 


= : * 623.6 = 392.7 mm 
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1000 x 78.54 
: ee ar = =_ 900 IT 
Spacing of 10 mm 0 bar —3927 m 


+ Provide 10 mm 6 @ 200 mm c/c as torsional reinforcement in the distance. = ~ 4.15 
5 = OR 
99 + 150 = 980 mm from the edge of slab as shown in F; , 
1B. 1 


or 830 mm from edge of support or 8 
410 mm @ 230 mmcic 03, | 


520 mm 
Fa 
sd ‘Cover = 20 mm 


Cover - 20mm 


#10 mm @ 3C° mm cic 








180 mm 


#10mm 
@ 150 mm cic 






(a) Section along short span 


-#10 mm @ 230 mm c/c 
#10 mm @ 460 mm cic 


I 80 min 


@—- 150mm 









E10 mm @ 150 mm cic 
som 


(b) Section along long span 
_#10mm @ 300 mm cic 


#10 mm @ 200 mm cic 















30 mm 


Sel eel . 
aEEES 
Saeki if 


Pats 















410 mm & 9930 c/c 
-#10mm @ 150 cc 






f Seats ee 
an 


#10 mm @ 400 cc 





#10 mm &@ 400 c/c 





830 mm 





ma! 53am 


Fig. 10.4. (c) Plan of bottom reinforcement 
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Two Way Slab 275 ) 
. ; ~— #10 mm @ 200 mm cic 









<«<——_ > <——_- + 


830 mm 


#10 mm @ 460 c’c 
#10 mm @ 200 mmci/c 


() Plan of top reinforcement 


Fig. 10.4. 


<= QRJECTIVE TYPE QUESTIONS = 
ee a, 


Fillin the Blanks : 


l. If the two way slab has torsion reinforcement at the corne 
® The slab in which corners are not prevented from lifting up is called as _ , 
ply to the _ strip. 


‘rs it is called as 


1 The Maximum moments given by IS code method ap 





4, Minimum reinforcement should be provided at the corners \ hich are | at both 
edges. 
Torsion reinforcement should not be provided at the corners Which are __ ss att. both 


bs 
of the area required for maximum 


The area of tension reinforcement is equal to —___— 
Moment. 


22 


—_—_—_ 
a a 
a ee 
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11.5. Reinforcement in a Column 


: a, introduction 
11.2: Classification of Columns 11.6. IS 456 ; 200 Spacifications Regarding Columns 
11.3: Elfactive Length of the Column 11.7. Limit State of Collapse Compression 
44.4, Difference between Short Column 11.8. Design of Axially Loaded Short Columns (LSM) 
11.9. Design of Columns (WSM) 


and Long Column 








TRODUCTION 


mber i.e. column is an important element of 


44.1. IN 


A compression me 
structure. These are us 


slumns, struts and pedestals 
ks, factories and many more such structures. 


A column 1s defined as a vertical compression member which is mainly subjected 
to axial loads and the effective length of which exceeds three times its least lateral 
dimension. The compression member whose effective length is less than three times its least 
lateral dimension 1s called as Pedestal. The compression member which is inclined or horizontal 
and is subjected to axial londs is called as Strut. Struts are used in trusses. 


11.2, CLASSIFICATION OF COLUMNS 


ased on different criteria such as: 


every reinforced concrete 
ure to the foundation safely. Mainly 


ed to transfer the load of superstruct . 
s, bridges, supporting 


are used as compression members in building 


system of tan 


Columns are classified b 
1. Shapes of cross-section. 


2. Material of construction. 
3. Type of loading. 
4, Slenderness ratio. 
5. Type of lateral reinforcement. 
277 
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"a : , .section 
. nae of Cross see | : oe : 
11.2.1. Shar” bane of the cross-section of the column, the column may be cla... 
On the basis of shape “S8ifigg 
——— Tu ] ° 
following (Fig. 11.1 (u) Hexagonal 
qi) Square (vi) Octangonal 
ye nular 
(i) Reetang (vin) T-shape or L-shape etc, 


Ga) Circular 
liv) Pentagonal 


a Rerwaales Circular L Shape TShape Hexagonal q 
| 59na) 


Square 
Fig. 11.1. Different shapes of columns 


11.2.2. Material of Construction 
Columns may be classified as following, as per the material used for construction. 


(i) Timber Columns: Timber columns are generally used for light loads. They arp used 
small trusses and wooden houses. These are called as posts. q 
Masonary Columns. These are used for light loads. 

R.C.C, Columns: R.C,.C. columns are used for mostly all types of buildings and other 


R.C.C. structures like tanks, bridges etc. 


(uw) 


(qzz) 


ue) Steel Columns: Steel columns are used 
for heavy loads. 

iv) Composite Columns : Composite 
columns are used for very heavy loads. 
They consist of steel sections like joists _ 
(lor H sections) embedded in R.C.C. 
section as shown in Fig. 11.2. Fig. 11.2. Composite columns 





Concrete 


Slee! pipe 





11.2.3. Type of Loading 
A column may be classified as follows, based on type of loading : 
(1) Axially loaded columns. a 
(a) Eccentrically loaded columns. 


(1) Axially loaded col 
) column : oP —- 
longitudinal axis or cent on ne which are subjected to loads acting along the 
Axially loaded column js = ‘i “y column section are called as axially loaded columns. 
develops a “AN 1S subjected to direct compressive stres : : a : 
anywhere in the : ssive stress only and no bending stress 
the column section. [Fig. 11.3(a)] ° 
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_ Columne @D 


— = , = 
= eee ee es SO ——— _— 


| iaxi I bending Fig. 11.5 (6) or biaxi | 
7 od to UAT! MB IK. Pd (bor biaxial bending Fig. 11.2 a 
ec! 4ion |owith resne L Ly it DA le) depending upon 
svPh ine gfaction of load, with respect to the two axia of the column to 









(b) Eccentrically loaded 





column (uniaxial column (biaxial 
bending) hending) 
Fig. 11.3. 


2.4. Slenderness Ratlo 
oss ratio of a compression member is defined as the ratio of effective length to 


il. 
nsion. The columns are classified as following two types depending upon the 


The sfen dernt 
tlateral dime 


ihe [eas 
ratio: 


Jenderness 
(j) Short columns. 


(it) Long columns. 
(j) Short Columns : The column is considered as short when the slen 
atio of effective length to its least lateral dimension bE is less than or 


derness ratio of 


column 1.¢€. T 
equal to 12. 
i) Long Column : If the slenderness ratio of the column is greater than 12, it is called as 


long or slender column. 


11.2.5. Type of Lateral Reinforcement 
An R.C.C. column has longitudinal and 

according to the manner in which the longitu 
(i) Column with longitudinal steel and lateral ties. 
(i) Column with longitudinal steel and spiral ties. 

al bars are tied laterally at suitable internals 


lateral reinforcement. They can also be classified 
dinal steel is laterally supported or tied. 


(i) Inthis type of arrangement the longitudin 
with the help of ties as shown in Fig. 11.4 (a). 


PP ee ea eae ae = 
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,Core 





onattudinay 
Siéel kh 
. Lateral ties bars 





Longitudinal 
steel 


Spiral ties 





vive bia 
Sectional Plan Sectional Plan 


Longitudinal 


Longitudinal 
Steel 


steel 
Spiral or helical ties 


Lateral lies Pitches 


Sectional elevation Sectional elevation | 


(a) Column with lateral ties (bh) Column with helical (spirat) ties 


Fig. 11.4. 


(i) Fig. 11.4 (6) shows a circular column with spirals i.e. the longitudinal bars are tied 
continuously with the help ofa spiral reinforcement. The columns with helical or spiral 
reinforcement are better in providing lateral support tobars |p p | 
as compared to links thus they increase the buckling | | 
resistance and ductility of the column. 


41.3. EFFECTIVE LENGTH OF THE COLUMN )\;-:) 
11.3. EFFECTIVE LENGIN OP 


The effective length of a column is defined as that length of the 
column which takes part in bucking under the action of loads. This 
is also defined as the length between the points of contraflexure 
(Change of slope of the elastic curve or points of zero moments) of 

the buckled column. 

The unsupported length of a column is the clear length or height 
between the floor and the lower level of the ceiling. Under the action 
of loads the column buckles or deflects as shown in Fig. 11.5. 


= : alleeteg shape depends upon the type ofend supports or |p 
Eree ot end restraints, The design of column is done on the basis of 







de 
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Columns 










len ngth. n. 15: 400 2000 (Annexure-E) gi ves the value 
ve 


s of 
00 ns in terms of its unsupported length (Table 1]. 1. of effective length for various end 
nds" 


TABLE 11.1. Effective Length of Column as Per IS : 456-2000 













of end seiteoiah 


, ber 
peare ° ression mem 
, compre 


Theoretical 
value of value of 
effective length | effective length 






Recommended 


















3 am held i in position and 
ned against rotation at 


-(j.e., both ends are fixed) 





, i ” held in position at both 
IV 
- -estrained against rotation 
ends. 7 


at on 


sad hinged at th 


eend (i.e. fixed at one end 
e other end) 






ively held in position at both 
s, but not restrained against 


Effect 


oth ends are hinged) 

















Filectively held in position and 
restrained against rotation at one end, 
and at the other end restrained against 
rotation, but not held in position. 






Effectively held in position and 
restrained against rotation at one end, 
and at the other end partially restrained 


‘against rotation but not held in position 






Effectively held in position at one end 
but not restrained against rotation, and 
at the other end restrained against 


rotation but not held in position 










Effectively held in position and restrained 
against rotation at one end but not held 

In position nor restramed apainsl rotation 
at the other end (i... fixed at one end 

and free at the other end) 


Note, | - 


Unsupported length of column. 


2a) 
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Long Column 











‘Short Column | = a aitered ta | 
3 : * ymin is considered to Oe lane 3 = 
red to be short if the ratio NE if the ra 


lens lateral dimension 


A col L 


effective length of column to its least lig of 


1. Acolumn is conside 
of effective length to its thers 


: ) ay 
is Jess than o1 equal to le. 


dimension is greater than 12. 


The ratio of elective length ofa lang sa, 
lenst radius of gyration 18 greater than - lo) 















n short column 


less than or 


length of 






2 The ratio of effective 
gyration is 














to its least radius of 










equal to 40) | | | | 
Long an slender columns buckle easily. 


The load carrying capacity of a tr = : 
" . ‘ON coly 
| 


less as compared to short column of sam 
' i f* 


3. Buckling tendency 1S Very low, 


high as compared 







4. The load carrying capacity 18 


sume Cross “SC | 
CTO. | 


ctional aren 


to long column of the ! 
sectional area. 









is by crushing. | The column generally fails in buckling 





— The failure of the short column 


44.5. REINFORCEMENT IN A COLUMN 


esion. Thus, a column can be made up of plain concrete byt ; 
| seis Mis 


Concrete is strong in compre 
always advisable to use R.C.C. columns instead of plain roncrete columns because of fallow. 
i wing 


reasons: 
1. Aplain conerete column requires very large area as compared to R.C.C. columns, y 
| E t 


have seen earlier that steel can take load m-times that of conerete of the same area. F 

particular load, the section of an R.C.C. column will he much thinner than that of lin 

concrete. Thus by using R.C.C. columns a lot of space can be saved as the size of the 
=: ; bs ‘ee 


column will be less. 

9 A minimum area of steel is always provided in the column whether it is required { 
carrying load or not. It is done to resist tensile stresses which may be caused f rd 
lay be caused due to 


eccentricity of loads, (It is practically impossible to havea perfectly axially loaded structure 
- - St fl a i 


There are two types of reinforcements provided in a R.C.C. column 
(a) Longitudinal reinforcement. 
(6) Transverse reinforcement. 


11.5.1. Longitudinal Reinforcement 


- ee a ea aaa aa of steel bars placed longitudinally in a column. Itts 
Sek el. The functions of longitudinal reinforcement are as follows : 
isenen a = along with concrete, thus reducing the overall size of the 
ms | Sih Lari 
To reaist tensile stresses developed due to any moment or aceid - 
ut) To impart ductility to the column. oe ina le ta 


We) To reduce a 
luce the effeet of ere 
g long time. |! ind strinksape due in CONLINUOUS constant loading applied fir 
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$ verse rein : ! g the later; 
{ 7 anete (see Fig. 11.4) enclosing the nae ind Oa 


I direction of the column in the form 
€ function of transverse steel are as 
Uae | To hold the longitudinal bars in position 
aa ra = 
, qo prevent buckling of the main longitudinal bare 
(6 <0 dj al tensi : . 
_.. Toresist diagon ton caused due to transver = J 
tad oment or load. ansverse shear developed because of any 


_) Toimpart ductility to the column. 
Gc? * ene 
,) To prevent longitudinal splitting or bulging out of concrete by confining it in the core. 


g. 15 456 : 2000 SPECIFICATIONS REGARDING COLUMNS 
5-9" | | 
63 Cover fi~se 36-4 4 
L. - : 7 nrain vn . : 
| rhe nominal cover for a longitudinal reinforcing bar ina column shall not be less than any of 
ay Slowing 

\a' {omm 

;) the diameter of the bar. 


In the Ca5€ of small ee of minimum dimensions of 200 mm or under whose 
egiercing bar do not exce mm, a nominal cover of 25 mm may be used. 


11.6.2. Slenderness Limit cleus 2¢ 2, 

The unsupported length between the end supports shall not exceed 60 times the least lateral 
11.6.3. Minimum Eccentricity -\- ux 7% + 

All columns shall be designed for minimum eccentricity given by: 


| 


— Unsupported length | Lateral dimension 
— 200 30 


. >» 9 oot 
Cmn — 20 mm 


11.6.4. Longitudinal Reinforcement ¢\- ux 7; 53 


2) The cross-sectional area of longitudinal reinforcent in a column should not be less than 
0.8 percent and not more than 6 percent of the gross cross-sectional area of the column, 


The limit of minimum 0.8 to reinforcement is there to prevent buckling of column due to 
any accidental eccentricity causing moment. The use of 6 percent steel may tnvealve 
Practical difficulties because of congestion thus causing problem in placing and compacting 
concrete. Therefore, the code recommends a lower value of 4% instead of 6° for practical 
PUrDOSeS. 

5) The minimum number of longitudinal bars in a column shall be four in rectangular 
column and 6 in circular column. 

©) The bars shall not be less than 12 mm in diameter. 


aA reinforced concrete column having helical reinforcement shall have at least six 
| longitudinal bars within the helical reinforcement. 
| 


| 





259 





longitudinal bars shall be in contact we | 
nd its inner circumference. "ith the, 
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inforced column, the 
d equidistant arou , . 
dinal bars measured along the periphery of the column es 

3 . 


) In a helically re 
reinforcement an 
(f) Spacing of longitu 


eine -.cectional area than that requ 
(g*) In any column that has al larger cross-sec 10M i i. cl required to ‘ 


load the percentage of steel shall be based upon the =— of concrete required tor ean hk | 
direct stress and not upon the actual area of the column. resit yt | 
als. in which the steel reinforcement is not taken into ——— 
minal reinforcement, not less than 0.15% of the gross ¢. 


Elie. 


tin gy 


CTO88- sects | 
al 


(h) Incase of pedest 
consideration, no 
area, shail be provided. 


11.6.5. Lateral or Transverse Reinforcement ‘“v™ 74 5%? 


e reinforcement in a column may be provided in the form , | 
forcement. The IS code recommendations for lateral] reinfore,.."® 
~*Meny 


The lateral or transvers 
ties or spirals or helical rein 
are as follows: | | 

(a) Diameter of lateral lies: The diameter of the lateral ties (links) should be greate, tha, 


(r) <th of the diameter of the largest longitudinal bar. 






(2) 6 mm. 
(b) Pitch of lateral ties: The pitch or spacing of the lateral ties (links) should Not be 
greater than the following : 7 
Gi) least lateral dimension of the column. 
(ii) 16 times the diameter of the smallest longitudinal bar. 
(ai) 300 mm. 
(c) Diameter of spiral or helical reinforcement : The diameter of helical or spir,) 
reinforcement bar should be greater than | 


(i) + th of the diameter of the largest longitudinal bar. 


(a4) 6mm, 
(d) Pitch of helical reinforcement : Helical reinforcement should be spaced evenly and | 
‘ts ends should be anchored properly by providing one and a half turn extra. The piteh of 
the helical turns should not be more than: 


(i) 75 mm 
a, i : 
(ti) qth of the diameter of core of concrete. 
The pitch of the helical turns should not be less than : 
(1) 25 mm 
(ii) 3 times the diameter of steel bar forming the helix. 


11.6.6. Arrangement of Transverse Relnforcement 


foll The arrangement of transverse reinforcement as per IS : 456 : 2000 (clause 96.5.3.2(b)) 18 8 
OWS : 
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ve lateral supports. 


he jong) ask. 
bar. the ties 


whe 
than ° 
assum 


a) Transverse reinforcement is pro 
0 


*) No bar of the inner row is closer to the neares 
diameter of the largest bar in the inner row. 


Where the longitudinal bars in 
4 compression member are 
grouped (not in contact) and each 
group adequately tied with 
transverse reinforcement in 
accordance with the codal 
provisions, the transverse 
reinforcement for the 
compression member as a whole 
may be provided on the 


assumption that each groupisa > 


single longitudinal bar for the 
purpose of determining the pitch 
and diameter of the transverse 
reinforcement in accordance 
with the codal provisions. The 
diameter of such transverse 
reinforcement should not exceed 
20 mm (Fig. 11.6). 


__ lon ‘tudinal bars are not Spaced more 
ft eement need only to go round comer an 


affect! 


xt tudinal bars are spaced at a distance no 


are effectively tied in two directi 
een these bars need to be tied in one direction 
othe longitudinal reinforcing bars in a com 


ne row, effective lateral support to the longitudinal 
ed to have been provided if: ina 





Columns 


d alternate h 








than 75 mm 
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or either side, the transverse 
ars for the purpose of providing 


t exceeding 48 times the diameter of 
ons, additional longitudinal bars in 
by open ties. 


pression member are placed in more 


bars in the inner rows may be 


vided for the outer most row in accordance with (i) 
{compression face than three times the 





groups 


e Transverse 


Fig. 11.6. 
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DESIGN OF COLUMNS BY LIMIT STATE METHO) 


OLLAPSE : COMPRESSION (CL 


are made for the limit state of collapse in com 
by limit state method of design : 


39 1S 456) 








411.7. LIMIT STATE OFC 
Pression wh. 
Ith : 


The following assumptions 
ivy | 
‘th, 


basis of design of compression members 
1. Plane section normal to the axts ofcolumn remain plain before and after the 
| : mm : os C ‘i , 3 i i COm 
9 Therelationship befween stress-strain distribution tit concrete IS ASSumed ma res, 
as shown in Fig. 5,1. The maximum compressive stress In concrete is assyp : ray 
, | flea ie , led | | 
is the teristic compressive strength of concrete). The partja] «. ton ah 
Fy. (f4 is the character! p The partial wan obe 
0.6 Y fact, 
~_ =1.5is applied to 0.67 /,;. Hence the design strength ts taken as BOE Fey 7 
15 7” 0.445, 
th. 


rl 

roth of concrete is ignored. 

4. The stresses in reinforcement are derived from representative stress-strain = 
type of steel used. Typical curves are given in Figs. 5.2 and 5.3, For design a 

. =f pur 


partial safety factor for is equal to 1.15. 
te in axtal compression ts taken as 0.002 


3 The tensile stre! 


© for 4, 
Pose 


5. The maximum stra in concre 


Cre}, 


6. The maximum com pressive strain at the highly compressed extreme fibre jn ie 
Section 


subjected to axial compression and bending but when there ts no tension an tho 


is taken as 0.0035 minus 0.75 times the strain at the least compressed fibre 


11.8.1. Short Column 


The short column or late 
eccentricity does not exceed 0.06 t'mes t 


[ Db 


ral ties shall be designed by the following equation (1) ifthe minimyy, 
he lateral dimension t.e. 


a ee Sees a 20 ine 
te = Zon a0 mm 
Bn 0.05 D 
P = 0.4f.,-A, + 0.67 fy A,.. willl 


where P= factored axial load 
A. = areaof concrete 
A. = areaof longitudinal reinforcement of column 
ristic strength of the compression longitudinal reinforcement, 


f, = characte 
5D, the section is designed for combined, axid! 


Ifthe minimum eccentricity is greater than 0.0 
load and bending. 
Note. Minimum eccentricity as per code = 20 mm 
0.05D = 20 mm 


or 400 mm 


20 
or > —— 
. 0.05 


ee te 
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| .D 


/ 500 * 30 $ 95D oro 
|20 : 
P ao DD 
500 ~ 20 39 °F 0.016D 
D> 0.12] 


i] column which have D less than 499 — ; 
ed hence equation (1) will not be tery 0.121, the minimum eccentricity will be greater 


0.09 
yan 
6.2. Short Column with Helical Reinforcement 


11-6 


he strength of a column with helical reinforcement is caleulated ac following : 


P, = 1.05(0.4 f, A. + 0.67 f, A,.] Ait) 


‘olumns with helical reinforcement spirals) are more ductile and hav c= Improv ed strength. 
oir load carrying capacity is more than that of the columns with lateral ties. As per 


:, th 
56 2000 the safe load for columns with helical reinforcement is 1.05 times the safe load 
med by 4 similar column with lateral ties, provided the requirements given below are fulfilled : 
1 ratio of the volume of helical reinforcement to the volume of the core shall not be less 


g A, -1 | 
than 0.3) f. 
27 Sora! 
oO vu 
| 
ES 
ES Main bar 








Fig. 11.7. 
Volume of helical reinforcement _ 5 0.36 AS aft | fa 
Volume of core aa. rt 
~ D* ircular column 
where A. = gross cross sectional area of column say | for a circular column. 


A. = area of the core of helically reinforced column measured to the outside 
b © & / : 
diameter of helix. oo 
a. = cha racteristic compressi¥ e strength of concrete. -_ 
f chacteristic strength of the helical reinforce-ment but not exceeding 415 
= 
N/mm” 
® = diameter of spiral 
= pitch of spiral 
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Nore 
A= 47 


D, = D-2(end cover) 

D’' = D-2( end cover) — 4, 
helical reinforcement per mm height of column 
Circumference of spiral x Area of spiral 


= - Pitch of spiral 


Volume of 


nxD'x7 XO; 


p 





Volume of core per mm height of column = ri x DF x1, 


11.8.3. Steps for Design of Short Axlally Loaded Column 


Given: Factored load (Pu) 
Material — Grade of concrete and steel. 
1. Assume suitable percentage of A, (say 0.8% to 4%), A, =pA,. 
9. Determine A, in terms of A,,. 
A. = A,-A,, 

3. Calculate A, as follows : 
P, - O4f,, (A, -A,) + 0.67/, . A,. 
Putting A, = p-A, calculate A, as ull other terms are known. 
4. Calculate dimensions of column as follows - 

For square column, B° =A, 

For rectangular column, B x D=A, fassume B and calculate D] 
5 Provide area of reinforcement (A,) 
6. Design lateral ties as per IS specifications. 
length (/.)on the basis of end condition 


Note: If length of column is given, then calculate effective 
follows : 


given in Table 11.1 then check for slenderness ratio and minimum eccentricity as 


—_—_—_—_———— 


b 


Calculate minimum eccentricity e,,,,, 04 follows : 


l 
M 249 


i D i" , . 
Cun = 500 + 30) > 20mm, and 73% « 0.05 for an axially loaded column 
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Columns 289, 


SOLVED EXAMPLES que 


or load carrying capacity 





ample 


Sc rae eleiememen, 
yarn aia concrete short column is 400 mm x 400 mm and has 4 bars of 20 mm 
reir é », Determine the ultimate load carrying capacity of column if M20 concrete 
we wit steel is used. Assume e.. < 0.05 D. 


b = 400 mm, d = 400mm 





41.1. 


given - 
on. 
60 


I ‘ : 
A, = 4™ 4 x 20° = 1256.6 mm? 


A, = 400 x 400 = 160000 mm 

fy = 20 N/mm* [For M 20 concrete) 
f, = 415 Nimm*_ [For Fe 415 steel] 
A, = 






= A = ea 
c Rf | — 
160000 — 1256.6 = 158743.4 mm” 


BA fy A, + 0.67 fA, 

= 0.4 x 20 = 158743.4 + 0.67 x 415 x 1256.6 
P= 1619344.8 N or 1619.3 kN 

- Ultimate lod carrying capacity of column = 1619.3 KN 


Load on column, P,, 


a 


Example 11.2. = | 
find the ultimate load carrying capacity and allowable load for a short column o 


e500 mm x 500 mm. The column is reinforced with 4-25 mm diameter bars. Use 
+10 concrete and HYSD prade Fe 415 steel. Assume e,,, < 0.05 D. 


Solution. Given b = 500 mm, d =500mm 
A, = 1 x4 x 25° — 1964 mm” 
f, = 20 N/mm [For M20 concrete] 
, = 415 N/imm* (For Fe 415 steel] 
y 
A, = 500 x 500 = 250000 mm” 
A, = A, ~A_ = 250000 - 1964 = 248036 mm" 
Since e_., < 0. 05D 


0.4 x 20 x * nagting 4.0. 67 x 415 x 1964 
P= 253U378.2N 


Ultimate load = 2530.3 KN 


9590.3 
Allowable service load = “5. 


= 1686.92 KN 
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1.3. 
Example 1 m x 500 mm is carrying g 


400 m 
An R.C.C. short column of sini = 6.08 BD. Use Ms 8 facts Oreg 
3000 kN. Design the column assuming min 25 concrete ang pad ue 
steel. © 41 
Solution. Given : 6 = 400 mm, || 
. Dp = 500 mm 
P, = 3000 kN = 3000 x 10"N 
Cun * 0.05 D 
2 
hi = 25 N/mm (For M25 ¢, 
2 ' Ner,. 
h - 415 N/mm (For Fe 435 Cte) 
15 ste 


@ Area of steel (A,) 
< 0.05 D, So factored load is written as 
P= 04/,A,+ 0.67 f, is 


“ 
A, = vr ra 

= 400 x 500 -—A,. = 200000 - A, 

3000 x 10° = 0.4 x 25(2000000 —A,.)+ 0.87 x 415xA_ 


268.05A,. = 1000 x 10° 
A, = 3730.6 mm* 


x 





Using 25 mm 6 bar, A, 


= = ——SE —_ = 





No. of bars reqd = 490 


“. Provide 8-25 mm 6 bars as shown is Fig. 11.8. 
8 -— #25 mm Dars 
| ~~ & mm % & 300 mm cic (doutie| 

Lateral ties 


H Lateral ties 
The diameter of ties should not be less than 


Www 00S 


(1) +x 25 = 6.25 m 


40mm 





(ii) 6 mm 

Using 8 mm dia ties, 

The pitch of ties should not be less than following : 
(1) Least lateral dimension = 400 mm 

(u) 16x 25 = 400 mm 

(ui) 300 mm 
“. Provide 8 mm 6 @ 300 mm c/c. as double ties. The arrangement of reinforcement is shown 


is Fig. 11.8, 
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example 11.4. | 
4 short R.C.C. square column is required to 
jhe column. Assume e,. < 0.05 D and use 





solution. Given : P, = 1900 kN = 1900 x 10° N 


e 


A 


0.05 D 

20 Nimm? 
250 N/mm? 
< 0.05 D 


mun 


la 
f 


nur 


e 


20 
D> — | 
> 0.05 or 400 mm 
@ Assuming 0.8 percent steel, 


Ob A 0 


be 
i 


A, - A, 
=A, - 0.008 A, = 0.992 A, 
P, = O04 f,, A, + 0.67 fA, 
1900 x 10° = 
9.276 A, 
) 


e 
Side of column = 


1900 x 10° 
204962,2 mm* 
452.7 mm 
*, Adopting 460 mm x 460 mm as size of column 
A. = 0.008 x 460 x 460 
= 1693 mm" 
“. Providing 20 mm dia bars 


a 5 
A, = 4% 20° =314 mm 


1693 _ 


No. of bars reqd 314 7 


6 
“. Provide 6-20 mm 6 bars, 


A, = 6x 314 = 1884 mm? 
Z Lateral ties 
The diameter of lateral ties should not be less than 
1 


(2) 6 mm 
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carry a factored load of 1900 KN. Design 
M20 concrete and mild steel. 


[For M20 concrete] 
[For mild steel bar] 


[ e., = 20 mm] 


0.4 x 20 x 0.992A, + 0.67 x 250 x 0.008 A, 
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> 


Using 6 mm ¢ ties 


The pitch of the ties should not exceed 
G) Least lateral dimension ie. 460 mm 
(g) 16% 20 = 320 mm 


(az) G00 mm 
Provide 6 mm 6 bars @ 300 mm e/c as lateral links. 


je 450m 


_ 450m 


6-20 mmo 





fa) Wrong arrangement 

Fig. 11.9. 

The distance between the corner bars is greater than 300 mm (450 — 2 x 4999 — “ 
hence the arrangement of reinforcement is to be changed. Let us use 4-20 mm dia bar. iid - Mm) 
bars and. 6 ms 





dia bars as shown in Fig. 11.9. 
A, provided = 4x 314 +4 = 201 = 2060 mm 








Example 11.5. __ 
Design a short R.C.C. column to carry an axial load of 1600 KN. It is 4 m long, effectiya. 


held in position and restrained against rotation at both ends. Use M20 concrete ang 


Fe 415 steel. 
Solution. Given : L = 4mm 
P = I1G00kKN 
f{, = 20 N/mm* [For M20 concrete} 
f. = 415 N/mm* [For Fe 415 steel] 


w Effectively held is position and restrained againest rotation, from Table 11.1 


Lar = 0.657 


0.65 x 4 = 2.6 m or 2600 mm 
1.5 P=1.5 = 1600 = 2400 kN 


@ Factored load, P= 
Assuming 1% steel A,. = 0.01A, 
A. = A, -A,.= A, — 0,01 A, 
=f).99 A, 
Po = 04f, A, + 0.67 /,.A,, 


0.4 «x 20x 0.99 A, + 0.67 x 415 x O.O1A, 


1) 


2400 x 10° 
A. = 224299 mm” 


i : a 
‘. Providing 500 mm x 500 mm column 


x< 
268 


a 





“gr lf _ 2600 
b ~ 500 “°2<12 


risa short column. 


ce! antricity 
ri eccentricnh 
, ef, = oi 4000 , 200 
min ~ 500° 30 ~ 500 * 30 
Cin = 24-67 m 
€ min = 24.67 


p= Bog. = 0.049 < 0.05 
ace the column can be designed as axially loaded short column. 
il of steel (A) 


s A,. = 0.01A,-0.01 x 224299 [calculated on required A,] 
2243 mm? 


99 mm 6 bars A, = z * 20° = 914 mm* 





[/sing - 
2243 
No. of bars reqd = eT 8 
_ 6mme @ 300 mm cc 

provide 3-20 mm dia bars. sme 
i Latral lies 0 
Diameter of lateral ties should be more than . 

) = tx 70 = 5 mm Clear cover - 3 

= 40mm rag 
ig) 6mm 

. Using 6 mm o links 

- Using 6 — 


Pitch of the ties should not exceed the following : 
i) Least lateral dimension = 500 mm 

ia) 16% 20 = 320 mm 

(a) 300 mm 


+ Provide 6 mm o @ 300 mm c’c as shown Is Fig. 11.10. 





Example 11.61 | =e 
Design a column of size 450 mm x 600 mm and having 3 m unsupported length. The 
column is subjected to a load of 2000 kN and is effectively held in position but not 
restrained againest rotation. Use M20 concrete and Fe 415 steel. 





Solution. Given : b = 450 mm, ad = 600mm 
P = 2000kN 
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f, = 20. N/mm’ : 
f, = 415 N/mm" | 
w Effectivelength, yg = 1.04 For effectively held in, | 
=10*d | restrained tga a hi | 
- 3m=30)) mm en ay, | 
| Effective length O00 | 
2 — Slenderness ratio = 7 jateraldimension ~ 450 78687 <12 
Hence it is a short column 
8 Minimum ecccenticity (e¢,,,,) 
For d = 600 mm 
L p 3000. 600 
me = =n 39 ~ 500 39 = 729mm > 20mm 
¢.. = 20mm 
005 D = 0.05 » 600=30.0 mm se 
For 6 = 450 mm 
eB, 300,450 
= ~ 500 30° 500 30 ~**" ™M> 20mm 
e... = 20mm 
0.0546 = 0.05 « 450 =2°95 mm > Can 
Hence it = designed as a short axially loaded column 
® Fectored load, Pr. = 3P 
= 1.5 « 2000 = 3000 kN or 3000 * 10"N 
® Area of Longitudinal] steel (A_) 
A, = 450 « 600 = 270000 mm* 
A, = A,-A, = 270000 -A_ 
Fer an axially loaded short sella 
PL = O47 ,.A, + O.67 f A, 
3000 10° = 0.4 x 20:270000-A_)+ 0.67% 415A 
270.05A_ = 840000 ; 
A, = 3110.5 mm" 
Precentage of reanforcoement = ae 31105 = 115% 
A, ~ 270000 ~*~ 
It is between 0.4 to 4% hence O.K 
Ceing 4-25 mm @ bars = 4+ 4906 © 19625 mm’ 
Fas 4-2) mm 6 bars = 4 « 4)4 = 1256 
hence OK 


A. Pavia = O218.5 mm’ >31105 mm 
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ral ties | 
gal of lateral ties should be more je——_S00mm_, 
giameter , | 

e 


4 — #26 mm @ (al corners) 


450 mm 


F 
4 ly 05 = 6.26 
(i) 4 


omn | 
(H"  g mm dia tes ~ Bi» @ 300 mm cle 
isin nof ties should not exceed the following, Fig. 11.11. 


itc | | 
The a latiral dimension = 450 mm 
(ya 


ii) 16 * 20 = 32) mm 
i | 
ji) 300" 
| provide 8 ; ; 
angement of reinforcement is shown in Fig, 11.11, 


mm ties @ 300 mm c/c 


gh 88 —<$—<— 
, lar column of diameter 400 mm subjected to a load of 1200 kN. The 


circu | é ea: 
pest + having spiral ties. The column is 3m long and is effectively held in position 


o th ends but not restrained against rotation. Use M25 concrete and Fe 415 steel. 
yt both eF 
L=3m 





| solution Given : 


D = 400mm 

fy, = 25 Némm* [For M25 concrete! 
f, = 416 N/mm* (For Fe 415 steel] 
y 


[Since the column efectively held is position at both 
ends bur not restrained against rotation, Table 1 1.1| 


i 3000 | 
gs Slenderness ratio = >= 400 = 716<12 


s Effective length [4,7 = 1.0! 





Hence it is a short column. 
s Minimum eccenticity (e,,:,) 
L,D 
fmin ~ 500 30 
= 3000 , 400 = 19.33 mm > 20 mm 
~ 600 30 
fs. = 90 mm 
@min - 20 _ 0.05 
p 400 — 
* Itis designed as axially loaded column. 


# Area of steel (A_) | a 
- Pa 15 x P= 1.6 x 1200 = 1800 KN = 1800 x 10° N 
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Fors sili with helical ties, the load carrying capacity is given by 
' - 1.05\0.4 ha A. - 0.67 f,-A,) 


A, = ; x 4007 = 125663.7 mm” 
A = A,-A, = 125663.7-A,, 

1800 x 10? = 10.5[0.4 x 25 x (125663.7 —A,) + 0.67 « 415 x 4 r 

268.05A_ = 480531.15 = 1793 mm* 


1793 = 100 
Perrentage of steel = 795663.7 


= 143" 


It is between 0.8 and 4, hence O.K. ; 
Usng 20 mm dia bars A, = 314mm 
1793 
= ——=47 
No. of bars reqd. 314 say 6 
~. Provide 6-20 mm dia bars (A. (nied = & * S14 = 1884 mm") 


= Helical Reinforcement 
Core diameter, D. = 400-2 50 
= 300mm [Assuming clear cover 


Area ofcore = : x 300° - 1884 = 6880.8 mm? 


Assuming pitch =p j_———an_ 
Volume of core per pitch = 6550.8 x p eg 
Using 8 mm 0 spiral 


Volume of one spiral per pitch = =x 8* x m(300-§) | 4 
, 6-220 mm bars ! * 8 mm cha spires 


46110.8 mm* conn 





‘olume of Helical reinforcement  —_46110.5 
Volume of core ~ 68801.8 p 
As per IS code 








46110.8 re be -1) 








6880 1.8p LA. i. 
= 
125663.7 -1) 25) 620mm 3 
\ 6SS0L5 415 bars 
p2>37 mm 


Maximum pitch. It should not be more than 75 mm or 


A mm cha spiral 


Core diameter i 300 a 
6 G 4O0mmcet 


6 
Minimum Pitch : = we 
(x) 25mm Fig. 11.12 
(2) 3 dia of helical reinforcement = 3 x 8 = 24 mm 
.. Provide 8 mm o spirals @ 40 mm c/c as shown in Fig. 11.12. 
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Columns 






ee 
pESIGN OF COLUMNS BY WORKING STRESS METHOD 
ey” 


3.9 pESIGN OF COLUMNS (CLAUSE B-3, ANNEX B) 





Columns forms a most important part of any structure. They are used to transfer forces or 
ds from the super structure to the foundation. The design of columns is to be done very carefully 
use unsafe design will not only lead to the collapse of the column but may also result in 
-e of the structure. The design of short column is slightly different from that of long column 


lap | 
recase in long or slender column the effect of buckling is also to be incorporated. 


11.9-1- Load Carrying Capacity of a Short Column 
Consider a R.C.C. column, subjected to an axial load P as shown in Fig. 11.13. 
A = Area of column 





P = Axial load 
A,. = Area of steel reinforcement in column 
A, = Area of concrete 

G,. = Compressive stress in concrete in direct 


compression. 
o,. = Compressive stress in steel 


E, and E, are Young’s modular values for stccl and concrete resp. 
Total load P = Load taken by concrete + Load taken by steel 





P= Pe+Pe 
Pe = Oe XA, [Force = Stress x area] 
Ps = Ose X An Fig. 11.13. 


r = oe + DT cAge 
which is same as the equation given by IS code, clause B-3, Annex-B, The minimum eccentricity 
| mentioned at is deemed to be incorporated in the above equation. The equation can also be written as 
P=a,, x(A-A,,)+0,. XAy [. A, =A-A,,] 
The stresses used in the above equation are permissible stresses in concrete and steel in 
direct compression. The same are given in IS Code and mentioned in Table 11.1. 
11.9.2. Short Column with Helical Reinforcement 


Columns with helical reinforcement (spirals) are more ductile and have improved strength. 
Thus their load carrying capacity is more than that of the columns with lateal ties. As per 
IS code 456:2000, the safe foad for columns with helical retnforcement ts 1.05 times the safe 
~ load carried by a similar column with lateral ties or rings, provided the requirements given 
below are fulfilled : 


The ratio of the volume of helical reinforcement to the volume of the core shall not be less 


A f 
than 0.36] —£. -1 | “ch. 
3 | 
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Volume of helical steel reinforcement " aso{ = ae 7 Fok 


Volume of concrete core Ay Z 


where A, = Gross cross-sectional area of 

column 

A, = Area of the case of the helically 
reinforced column measured to 
the outside diameter of the helix. 

f, = Characteristic compressive 
strength of concrete 

f= Characteristic strength of 
helical reinforcement but not 
more than 415 N/mm‘. 


=D, 


Diameter of 
Core 


T r2 
A, = a2 
Fig. 11.14 
rs 2 


[Here D. = D-2 x Clear cover] 
¢ = Diameter of spiral 
p = Pitch of spiral 
Volume of helical reinforcement per mm height of column 
Circumference of spiral x Area of spiral 
~ Pitch of spiral _ 


nx D’x - xo2 
7 p ID =D.~9) 


Volume of core per mm height of column = = xD 4. 


11.9.3. Safe Load Carrying Capacity of Long Columns 

Long and slender columns buckle easily as compare to short columns. Thus the load carrying 
capacity of long column is less than that of the same sized short column, As per IS 456 : 2000, 
while calculating the strength or load carrying capacity of long columns, reduced values of the 
permissible stresses should be used. These values are obtained by multiplying the permissible 
stresses and reduction coefficient. The reduction coefficient depends upon the ratio of effective 
column length to least lateral dimension. * 





C, = 125- < [Clause B-3.3, IS 456:200, Annex Bl 
where C. = Reduction coefficient 


l.¢ = Effective length of column 
b = Least lateral dimension of column, for column with helical reinfo 
6 is the diameter of the core 


rcement 
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gous, it ean be seen that more slender gigs (dy 


E'S bigger 
. thus maximum Permissible 


' Stresses | 

eficieh n be writted as ; are lesser, The ga 
junc 

(? 


| Zives SMaller reduction 


fe 


load equation for a long 
P = C. (6..A_ +OLA 
- more exact calculations, [s 456:29 


sc} 


| 2000, speci 
N a ratio of effective column length to leis oe — ‘ reinforced concrete column 
Mot on coefficient shall be Calculated gs - ateral radius of €yration above 40, the 
, f 
C. = 125 es 
where lnin = Least radius of £yratio 


nof column section 
19-4: Steps for Design of Column 


ermine the permissible stresenc :. , 

1, Determine “Ses In concrete and stee] as | ificati 

(grade of concrete and type of steel) as per the material specifications 
9. Assume some suitable valume of A, between 0.8% to 2% grass area column. 

Pz G..(A a s+ a... XA. 

Inthe above equation P, Ceey O,. and A,. are thus known and only unknown is A which can 
he calculated easily. 

Say p is the percentage of area of stee] provided 

‘ A, =p.A 
| P- 


in the column. 


S.(A- pA)+oa, x p.A 
= G,--A(1— p)+oa,. x pA 
A{o,.(1- p)+ 5. p} 
P 
G.-(1- p)+a.p 
3. Knowing A, dimensions of the columns can be calculated, 


9 
for square column A =b 

tl ry? 
for circular column A= 40 


4. For the given end conditions, calculate the effective length of column as per Table 11.1 
and determine whether the column is long or short. 


0. If ler <12, It is a short column. Determine A,, as pA and calculate the number of 
es | | 


longitudinal bars and distibute the bars uniformly along the periphery of the column, 
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6. If f +12 itis along column 


(a) Find Cr (reduction coefficient) 








125 -—# 
C= nn 480 
F Lf 
or G, = a 
Pp 


(b) Revise the load as — = 


Fr 


Using this revise amount of load, recalculate gross area and A,. 
7. Design the transverse ties or helical reinforcement for the column as per coda] 
a Provig;,, 


ees §=SOLVED EXAMPLES ee 


Example 11.8. _ | 
An R.C.C. short column 250 mm x 400 mm is reinforced with iN cc 
permissible (safe) load on the column section. Use M20 easanne ion mon Find the | 
Solution. Given : 6 = 250 mm, | 15 Stee], 


d = 400 mm 





q.. = 3 N/n - | 
| mm [For M20 concrete, Table» 1 


o. = 190 N/mm" 


[For Fe 415 steel, Table 2] 
A = 250 x 400 = 100000 mm? 


A 


x 


6 x . x 207 
= 1884.955 mm? 
@ Net area of concrete (A J 
A, = A-A, 


100000 - 1884. “i 
95115.044 mm" 


tl 


fl 


@ Safe load on the column (P) 


P= Gree + c7,. -A,. 


= 5« 9B115.044 4 190 « 1884.955 
= 548715.72N 
= 848.71 kN. 
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41.9 





ont column 300 mm wes mm in section has an effective length of 3.0 m. The 
yp BO" ection is reinforced with 6 - 20 mm ¢ bars, Find the safe load which the 
an carry: If the effective length of the column is increased to 4.5 m. What 
ane cafe load. Use M20 concrete and Fe 415 steel. [BTE Delhi 2005) 
ay be * oe | 
PU Given b = J00 mm, 
ggiutio® d = 300mm 
la = 30m= 3000 mm 
A, = 67x20? = 1884.95 mm’ 
o,, = 5 N/mm* _ [For M20 concrete, Table 2.1) 
or. = 190 N/mm* [For Fe 415 steel, Table 2.2] 
Gross area ofcolumn = 300 x 300 
= 90000 mm? 
fe = oe = 10 < 12, hence the column is short. 
8 b «300 ~ ’ cmanenaels ' 
g Net area of concrete (A, 
A.=A-A,. 
= 90000 —- 1884.95 


= 88115.04 mm* 
s Safe load on the short column (P) 
P= o,.A, +0, Ae 
5 x 88115.04 + 190 x 1884.95 


798715.7N 
798.71 KN. 


I! 


F 


Case IT: I = 4.5 m= 4500 mm 


lit oth =15>12, Hence it is a long column. 


. h 


i) 


§ Safe load on the long column (P") 
P’ = Clog, ee 


Je 
on. fe 
C, = 129-785 


4500 
_ ———— = 0.9375 
C, = 129~ 73x 300 


r 


C_ = 0,9375 


Fr 


Safe load, P’ = C- P= 0.9375 x 798.71 
P*’ = 748.79 KN. 


2h 





ea 2 


os 
= 


ea. 
a z 


a 


i 
i! 
H 
7 
Y 
: 
i 
4 
if 
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Piseaghe 11 10. 

Design a short column of reinforced concrete to carry an axial loag — j 

E20 concrete and Fe 415 steel (ETE pil ky 

Solution. Given c_ = 5 N/mm i De, Ue 
c. = 190 Nimm* 7 
P = LIOOEN. 


P= ¢,A,+6_A 
Assuming 1% area of stee! 1.e. 
A. = 1% of A=O.01A 
: A =A-A, =A-O001A=0.994 
= 1100 x 10° = 5x 0.99A+190x0.01A 
= £.55A 
A = 160583.94mm° 
Taking 2 square cohummn (5 x 5) 
5x6 = 160553.94 
) = 400.729 mm 
. Providing $50 mm = 450 mm as size of the column. 
H Longitudinal reinforcement (A_) 
OO1LA | 
0.01 » 450 x 450 = 2025 mm? Fig. 11.15 





phe 
Heil 


p 
! 
I] 





“9. of bars = a= = 
Provide 8 bars of 18 mm arranged as shown in Fig. 11.15. 
@ Design of lateral ties 
(a) Diameter : The diameter of lateral ties should be more than 
(73 6mm 


= 7.95 (say &) 


f= | 


y15 = 4.5 


ifm | em 


Provide 6 mm 0 lateral ties. 
) Pitch of ties: Pitch of ties should be least of the following. 
(7) 6= 450 mm 
‘S) 16% 15 = 285 mm 
20 mm 
ne Provide 8 mm 9 lateral ties € 280 mm cc. 
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rc : ee =—_ 





11.14.. —_—_________-_ 
ao column to carry n load of 400 kN . The effective length of rm are CP ORULLE 
psi forthe column is restricted to 200 mm. Use M20 concrete and Ke 4 1 nel 


~_ Given: P= 400 KN = 400000 mm 
$0 lie = 4.6m = 9500 mm 
& = 200mm 


_ = & Nin’ 
a = 190 Nimm?® 


ly _ 8500 
es = Soo ” 17.6 > 12 hence it is a long column, 


g Design of the section 
C.(a,..A, ¢a..Ac ) 


Mee 


syfe load for long column 2)’ 

assuming 1% area of steel 
A. = O.OLA 

A. = A-O0OLA=0.99A 


("= | OF — Le — OF J400 


a aa TT, 
C = (0.885 
100,000 = 0.88515 « 0.994 4 190 * 0.0] A) 





‘OOOO 
Q We -— nee 
Se ea O,0SS5 





A = 65982109 mm? 


| 
f 


hx PD = 64982 102 
200% 0 = GAMSY 102 
D = 329.9 say I50 mm 
* Column is 200 mm « 350 mm in size 
# Longitudinal reinforcement (A_) 
A, = OOLA=0.01 x 200% 350 
Al = 700mm-° 
Choosing 16mm 6 bar 


Ares ofone bar = 201 mm? 





° 700 | 
Nooofbars required © o01 dA (nav d) 4-16 mmo 


a Provide 4 louurs of 16 mm 6. big. 11.16 


oo ee Se eee eee ey eS SS 


—= 





a 
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es Lateral! ties: 





ia) Diameter of the lateral ties should be more than 
fy! 6mm 
] 


(ez) r 


- Provide 6mm o ties | | 
iy) Pitch of ties: The piteh or spacing af ties should bie least of the following . 
i Least lateral dimension = 200 mim 
(og) 16 times the diameter of lonmtudinal bar 16 * 16 = 2456 mm 
(eg) SOO mum 
Provide 6 mm ¢ lateral ties @ 200 mm cc. 


— . 


Example 11.12. 
A short R.C.C. column is 400 mm in diameter is reinforced 


diameter, Find the safe load for the column : 
(a) Uf the column is having lateral lies as 8 mm 6 © 200 mm efe. 
(b) Lf the column is having helical reinforcement as 10 mm 6 @ er 
Take clear cover as 40 mm. Use M20 concrete and Fe 415 ste], 


with # bars of 206. 
0 mm 


Solution. Given - q_=#5 sci ; [For M20 concret,) | 
e. = 190 N/mm* L bei. 
fs [For Fe 415 see!) 


Gross area ofcolumn,A = ri ¢ 400° © 125663.7 mm" 


Area ofstee], A. = & ; «20° = 2513.27 mm- 


& Net area of concrete (Al) 
A 2 A-A_ = 1256677 -2513.07 


A 


P2150 42 mm 


i 


Case A: When lateral ties are used 


Safe loadonthecolumn, F = a_.A.+c_ A 


oe 125159042 « 190 » 2513.97 = 1099274.4 N 
1093.27 KN. 


iI 


P 


Case B: When helical reinforcement in used 
safe load on the column with helical or spiral reinforcement 
P= 105 a. Al -+0_ Ao) 


Provided the following requirement is sati«fied 


Volume of helical reinforcement _ ar i 
ee , "af = . ‘ 
Volume of core =e 1 A, if, 
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Columns 
A, = Area of core of the helically reinforced 
column measured up to the outside 
diameter of helix 


~ outside diameter of helix 
—- 400-2 clear cover 


400 —2 x 40 = 320 mm 


i) 





, 10mm ¢ 
Ae ge iia @ 50mm cic 
| © bars 
- 80424.77 mm” 
rof the core up to the centre of helix Fig. 11.17 


piamete : 
D’ = 400 —(2 x clear cover) - diameter of helical reinforcement 
= 400-2x 40-10 
jyme of helical reinforcement (per mm height of column) 
your" 


_ Circumference of helix x Area of helical reinforcement 


4 —— 





Pitch of helix 
mx 310x 7 x 10° 
. 50 
= 1529.78 mm*/mm 
Volume of core (per mmm heght of column) 
= §0424.77 x1 
= 80424.77 mm’*/mm 
Volume helical reinforcement. _ 1529.78 -0.019 
: Volume of core 80424.77 
(A \ for | 195663.7 -1\ 26 — r Jet 
0.36 : | ES 0:36 5999477 [— 
and for Fe 415 steel, f, =415 Namm'] 
= 0.0097 <0.019 


Volume of helical reinforcement F Aly ey 
, olume oF neice > 0.58) > : 
7 Volume of core A; i, 
Hence the safe load on the column in given as 
P= 1.05(0,,-A¢ T G, ic) 
—~ 1.05 x 1093.27 


P = 1147.93 KN. 
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Example 11.13. a — _ 
Design an F.C.C. square column to carry an axial lond of 155 wae 
column is restricted to 600 mm. The height of the column en he , 
held in position at both ends but not restained against rotatio, It is ety, of th 
"AL bow “Ct 


o,. = 6 N/mm* and 7. = 10 N/mm". ‘ ' Oth On Ye) 
Solution. Given : o, = 6 N/mm ae Dethy 
a_ = 190 N/mm* “a 


a 
b = 500mm 
P = 1550kN = 1550 10'N 
i= 9m 
Effective length of column effectively held in position but not restrained a 


| 7A ' 
(iq = 1.0/=9m 9000 mm oust MOtation 
[Tah!. 7. 
le 9000 |. a able 11 
Fs] — = “a = 18 > 12 hence it is a long column, 


& Longitudinal reinforcement 


Safeloadonthecolumn P = C,(a,..A, +oa,..A,. ) 


i , 9000 
_ a e, FOR 
1.25 486 * 45 x 500 


= 0.875 
= 500 x 500 mm? 
Net area of concrete : = A-A,, = 250000 -A,, 
1550 x 10’ = 0.875(6 x 250000 -A,.)+ 190 x A, 
1771428 .57 = 6(250000-A__)+190A_ 
271428.57 = 184A, 
A, = 1475.15 mm* 


C, 
C, 
Gross area of section A 
A, 


Providing 16 mm 6 bar, 
Tt F 
Areaofone bar = 4 x 16° = 901 mm” 


5.15 
No. of hars required = rie = 7.d say 5 


Provide 8 bars of 16 mm diameter. inne Cee 





& Design of lateral ties 8-16 mm 
(a) Diameter : The diameter of lateral ties should be more bay 
than: 


(() 6mm 


(i) i 16 =4 mm fag 00 Fg 
Fig. 11.18 


.. Provide 6 mm ¢ lateral lies 
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ew a = 





Columns 





“rhe piteh of lateral ties should be least of the following : 
A pitel jateral dimension = 500 mm 
lea” 


2 300 min | 
(int! provide 6 mm $ bars @ 250 mm e/c as lateral ties (double) 


— OBJECTIVE TYPE QUESTIONS — 


the Blanks = 


rhe compression members whose effective length is less than three time its least lateral 
I anension is called 
rhe ratio of effective length to its least lateral dimension in a long column is 
a a 
* shan 1. _ 
rhe minimum percentage of steel in a column is 
phe minimum diameter of longitudinal bars in a column is 
. In a column with helical reinforcement, the minimum number of bars is 
ie ratio of effective length of column to its least lateral dimension is called as 
ratio. 


+ Long column fails by 

ls 

« The effective length of a column depends upon the type of 

4 The failure of the short column is by 

a, The nominal cover for column is _s mm or _____ of the longitudinal bar. 

iL. Helical reinforcement imparts _ sto: eclumn. 

12, The unsupported length of a column should not exceed times the least lateral 
dimension. 

1. The maximum strain in concrete in axial compression in limit state of collapse is 

i. For designing a short axially loaded column by limit state method, the minimum 
eccentricity should not exceed 

15. In the working stress method, the long column are designed by using values of 
permissible stresses. 


§) State True/False : 


l. The maximum percentage of steel in a R.C.C, column is 8%. 

2 Transverse reinforcement prevents buckling. 

4. The safe load carned by long column i more than that carried by similar short column. 

4. The minimum number of bars in a circular column is 4. 

5. The diameter of ties in a column should not be less than 6 mm, 

6. Struts are vertical compression members. 

1. The effective length of a column with restrained end supports is 0.65 1. 

& Coefficient of reduction factor depends upon the slenderness ratio 

J. : ip <i method, column with eccentricity greater than 0.05 D are designed for axial 
oads only, 


10, 4 : ; | 
Column with transverse reinforcement takes more load. 
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| INSIDE THIS CHAPTER _ 











12.1. Introduction 12.4. Code Provisions for Design of Isolated 

17.2. Classification of Foundations Footings 

12.3. isolated Footings 12,5. Design Steps for Isolated Rectangular 
Footing 


Every R.C.C. structure can be divided into two parts: 
i) Portion which is above the ground, called super structure. 
i) Portion below the ground level, called sub-structure or foundation. 


The purpose of foundation in a structure is as follows: 

mit the loads and moments from the super-structure to th 
he soil does not exceed bearing capacity at any point. 

ect to permissible settlement, tilting in one direction, 


i) To safely trans e soil, so that 


the pressure ont 
i) To ensure safety with resp 
overturning, uplift pressure etc. 


(2.2. CLASSIFICATION OF FOUNDATIONS 


Different types of foundations are provided depending upon the type of structure, dis tribution 
ifloads, type and capacity of sub-soil, presence and level of water-table ete. Following are some of 


the common types of foundations ; 
(i) Isolated footings (Tig. 12.1) 
(a) Square footings 
(b) Rectangular footings 
(c) Circular footings. 
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@ Combined footings : (Fig. 12.2) 
(a) Rectangular 
(b) Oval 
(c) Trapezoidal 

(ai) Continuous or wall footings or strip footings. 

(v) Strap footings. (Fig. 12.3) 

(v) Raft or mat footings 

(ui) Pile footings 

(vit) Well foundation 


Section at XX Section at XX Section at xx 





~~ 


Pian Plan 


Square footing Rectangular footing square footing fora 
circular or polygonal 
column 


eo Gircular colurnn 


Square pedestal 
 Sloping footing 


Plan 





Section al XX Section al XX 





Plan Plan 
Square colurnns with Circular column with square 
sloping footing pestal and footing 


Fig. 12.1. Examples of isolated footings. 
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Footings 





Large column 


Small column 2 









Plan Plan 
| a gectangular (6) Trapezoida] (c) Elliptical 


Fig. 12.2. Combined footings. 





section 





Fig. 12.3. Strap foundation. 


The use of these foundation is made in the following conditions: 


When provided 
Single columns 
Two or more columns 
Walls (brick or R.C.C. walls) 


Distant (far-away) columns especially when one of them is 
near the edge of the property or plot. 


When soil has low bearing capacity and area of combined/ 
isolated footing is more than 50% of the building plan. 


When loads are heavy, soil has poor bearing capacity, 


For bridges, rivers etc. 


Only 


isolated footings are discussed in this book. 
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“a, 
. 


42.3. ISOLATED FOOTINGS 
vided under single columns are called as isolated Fionytiy 
lar and rarely circular. Even for columna Of circular Pilsen) " 
prefe rable to provid T rectangular Or square found ation : Kons 
| re small and the soil is not very poor i rp Ie, Me 
ite, ] H les wl 
ar 


of two types: ‘aes 
Me 


The footings which are pro 

usually square or rectangu 

octagonal or any other shape, itis ‘rma 

footings are ideally provided when lon , : 

capacity is sufficient. Isolated footings are 
(a) Uniform thickness footings 


(6) Tapered thickness footings. 
4. CODAL PROVISIONS FOR DESIGN OF ISOLATED FOOTINGS (CL. 34 


are 





IS 49, 





12. 


(1) Thickness at the Edge of Foolings 
The thickness at the edge of footings shall not be less than 150 mm. 


(2) Moments and Forces 
The greatest bending moment to be used in the design of an isolated footing shal] i 
sections located as follows : al 
(a) At the face of the column, pedestal or wall, for footings supported a concrete, Pedestal, 


wall, Fig. 12.4 (a). 


Centre of support 








Tf 

I I 

: | 

x x Centre of support 
(hy) 


fa) 
Fig. 12.4. Critical section for computing bending moment in footings. 
(6) Halfway between the centre-line and the edge of the wall for footings under a masonr, 
wall (Fig. 12.4 (b)). 
(c) For isolated footing, shear stress at critical section should not exceed &,t, (C1. 31.6. 
of IS code) 
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{2 i depth af the section (Fig. 12.4). 
Cacti" 


1 





Far 
hk = (0.54 ).) but k, +1 









gre ,__ short dimension of column 
b= Long dimension of column 


= O.16/f, 


I! 


d Bond = 
ngth af footings is governed by more severe of the following two conditions : 
o way shear: The footing acts as a 
(a) one Way action; the critical section 
, peat ves shall be assumed at a distance ‘d 
oy ts ‘he fective depth of footing from the face 
e em, pedestal or wall. 
gee? ss way action or punching shear: 
(b) J -ection for shear shall be at a distance 
ect ee face of the column, where d is the 


near on 
cheat StF 


Criical section 


se 


“ critical section for checking the 


ength in a footing shall be assumed | = 
ent length in a footing s sume Fig. 125. Critical section in plan for 


yelop™ | : 7] on 7 1: 

: ihe came plane as described for the bending scinvaa dhaaae is eee | 

noment | 

) tensile Reinforcement _ _ | 
) Ina square footing, the reinforcement in each direction shall be distributed uniformly 


across the full width of the footing. 

6) In rectangular footing, the reinforcement in the long direction shall be distributed 
across the full width of the footing. For reinforcement in short direction, a central 
band equal to the width of the footing is taken length of the footing and reinforcement 


determined as per the equation given below shall be uniformly distributed across the 

central band : 
Reinforcement in central bandwidth  — 2 ; F 
Total reinforcement in short direction ~ [+1 ' 
where fis the ratio of the long side to the short side of the footing. The remainder of the 4 
minforcement shall be uniformly distributed in the outer portion of the footing. bf 
i 
4) Nominal Reinforcement 
() Minimum reinforcement and spacing shall be as per requirement of solid slab. y} 
lu) The nominal reinforcement for concrete sections greater than 1m thick shall be 360 mm* ! 
per m length in each direction, if it works out lesser as per requirements of solid slab, it 
Ib) Cover to Reinforcement | 
a minimum clear cover of 50 mm shall be provided to the reinforcement in foundations under | 
» | 
a 
b | 
ee o. 
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12.5. DESIGN STEPS FOR ISOLATED RECTANGULAR FOOTING 
Given: Load on column, safe bearing capacity of soil, grade of concrete and st. 7 
ee i 


x | 
( Pilates ems and A, for given steel and concrete grades —— ; 
ab] 


and Table 6.1, €5) 


2. Calculate area of footing as follows: 





Ww. +i, 


A= 70 


load on column 


" 


where i, 
w, = self wt of footing + pedestal if provided (usually considered as 10% of 


i j 


safe bearing capacity of soil 


Yo 
3. Calculate the size of footing 
(a) For square footing, side of footing S= JA . round off 


(6) For rectangular footing, assume one dimension (sav. X) and 
calculate the other dimensions (say Y) as follows: 


A 
yY = Y round off to nearest 5 or 10 cms. 


Alternatively, if ratio of width to length of column and footing are 
assumed to be similar (say a/b), then bending moment is same in both 
directions. 


4. Calculate the soil pressure due to factored column load only, as 
follows: 





LSw. 
ine Fy 
where w. = column load Fig. 12.6, 
X = shorter dimension of footing 


Y = longer dimension of footing 


5. Depth of footing is calculated hy the following three criteria and highest value so calculated 
is adopted in the design: 


(a) By one way shear criterion : The critical section for one way shear is taken ata 
distance d (effective depth) from the column's face (Fig. 12.7). 
Shear furce at the critical section 





| PO ie een 
Vo = pound x 3 -a| salle 
Shear force resisted by concrete = tXd An) 
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a4 


Equating WU) and i) 


Mig. 12.7 


Xd = p, xX LS =O at] 


As exact percentage af reinforcement to be provided is not 
yet known, T, may be assumed as that corresponding to 
minimum reinforcement, Le, O29, For M20, this value may 
be taken as 0.32 N/mm’. 


By two way shear criterion ; The critical seetion for 





two way shear or punching shear as it is commonly called, y 
is ata distance d/2 from the face of the column 
Referring to Fig. 12.8, perimeter of critical section 
2 ad. a d a) 
= | 0 + + +/ — + 
2 2 a £ 

= D(a t+h42d) 

Area of concrete resisting punching shear Mig. 12.8. 
A= Diath+2d)xd 

Punching shear on the critical section 

= p, (XY -tat+d)x(b+d)) ve Ht) 


Punching shear resisted by the section 
= tT. xA 


t. x2ta+h +d )xa 


by equating the two expressions, Giz) and Gv) we can calculate the depth of footing. 


weld!) 


i! 


where T 


cr 
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The critical section for 


(c) By bending moment criterion : = 
bending moment is shown in Fig. 12.9. a ‘ 





ay aA = , | a, ur 4a 
»,(25")l d | = F(X -a) wlb) i 
‘ F 3! = Pu y -b)* " 
B.M. in Y direction = “% ( , ADE) 


Moment of resistance of section 


= a Xi lim _ 0.42 x, hin Jva? 
— = (0.36 fe Sunn (1 a r 


Equating the (v) and (v1) with the moment of resistance we get > | 
the value of d. a 
The highest value of depth as obtained in steps (a), (b) Fig. 12.9, 
and (c) above shall be adopted as effective depth of the 

footing. 


G6 Determine the area of reinforcement required by following equation. 


0.87f, Ayd|1 Als 
M, = O87 fy As Mdfa. 
The reinforcement area so calculated should not be less than the minimum reinforcemen, 
and distributed as per IS code provisions. | 
NOTE : For Design of square footing, follow the above mentioned 


procedure and substitute X = Y and a = 6 










ees )=SOLVED BXAMPLES EE 


Example 12.1. 

Design a square footing of uniform thickne 
x 450 mm size. The safe bearing capacity of soil is 
850 KN. Use M20 concrete and Fe 415 steel. 


ss for an axially loaded column of 450 mm 
190 kN/m*. Load on column is 


Solution. Given, w= 850 kN 
Bearing capacity = 190 kN/m* 
f, = 20N/mm®*, f, = 415 N/mm’ 


@ #8 Load calculation 

w. — 850kN 

Self wt. of footing, w, = 10% of w, = 85 kN 
w.+w, = 850 + 85 = 935 kN 
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_ Me Tr O95 | 7) 
A= —— 190 > 4.92 m 
spof usr footing = v4.92 =2.22 m say 2.25 m 
"sel pressure due to column load only 


Py = DoBxD oR = 251-85 KN/m 


th of footing by one way shear criterion (Fig. 12.10) | 2.25 >| 
tion shall be at a distance d from the face of the column. : 
due to factored soil pressure at critical section 


2.20 — 0.45 
- 2.20% a -d) 951.85 


566.66 (0.9 = d) vel) 
o | 
_aming 0.2% steel, Tt, = 0.32 N/mm* from Table 5.5 


“at fore resisted by the section 
she | 
= T, Xd 


6 
= 0.32x10) op 95xd se - 
10° 


720d 





y DeP 
critica! set 
speat fore 


ll 


Equating (0) and (ii) we get 
566.66 (0.9 -d) = 720d 
1286.66d = 509.99 


d= 209-99. = 0.396 m 
d = 1986.66 


[A] 


s Depth of footing by two way shear (Fig. 12.11) 
ion J = 3 f column. 

Considering critical section 1s at 5 from the face o : 
Perimeter of critical section = 4(0.45 + d) = 1.80 + 4d 
Shear force at critical section ; 
= 951.85 x (2.25 x 2.20 _ (0.45 + d)°) 


025 +d + 0.9d) tii) 


~1274,99 — 251.85 (0.2 


Shear force resisted by the critical section 





Max allowable shear stress = 0.25 J fea 
~ 9.25 V20 =1.118 N/mm’ =1118 kN/m 
- | 9019.4d +4472 d 
Shear force resisted = 1118 (1.80 + 4d) x d = 2012.4d + 


— = = 
a PPI LAD AES LOPE ELE LEE LEE EPL ELD PLES EE LLLP EAL OD LO LOE EDLC AOE at 
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Equating (ii) and (70) , ; 
1274.99 — 251.55 (0.2025 + a~ + 0.9a) = 2012.4 + 4472d~ 


d? —0.423d -0.29 = 0 
-0.423 + (-0.423)" +4 (0,29) 
d= a 


d = 0.367 m. 
Thy 


I 





= Depth of footing by bending moment criterion 
Critical section is at the face of column. 
Bending moment at the critical section 

2.25 — 0.45 "2.95 ~0 45 

M, = 251.85 =x 2.25 x [=22=0 <6 x (222-045) 


il 


‘ ‘aly 


Moment of resistance at critical section : 
0.48 and #,, = 2.76 for M20 concrete and Fe 415 stee| 


A iy TTLAN — 


7 - 


* | ty) 


Od tim = Rt, x bd™ = 2.76 x 2250 xd* = 6210 d* 


Equating (v) and (vr), we get 
229.498 x 10° = 6210d" 
~ 19994 ™ In 
d - 192.24 mm =0.192 m Ic) 


From [A], [B] and [C] the highest value of d obtained is 0.396 m. 
Let us adopt d = 400 mm. 

Overall depth = 400 + 8 + 50 = 458 say 460 mm. [Taking clear coyer 

= 50 mm and 16 mm dia. bars} 








@ Area of steel reinforcement 
a Ax, fy 
M, = 0.87 f, As a(t = Eo ee 
. oy : A,, x 415 
299 498x10% = 0.87x415xA,, x 400 1- BIRD 2400 220 
or A2 - 43369.37 A,, + 68918318.32 = 0 
36 3369.37° — (4 x 68918318.32) , 
— 43369.37 + ,/43369.37~ —(4 x 689183183 . (exes wine! 
sf p 
a : — = = 1242 mm* < 1652.03 mm* 
100 


Minimum reinforcement reqd = 
A, = =x16? = 201 mm* 


Using 16 bars, 
9(1)] » 2250 


provide 16 6 bars @ 270 mm c/c in each direction. 


273 mm 
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"16 bars @ 270 mmcic 
IN both directions 





SECTIONAL ELEVATION Clear cover = 50 mm 


SER _-— #16 @ 270 cic 
|| | ER TT __ both ways 
is 1 | 


or ttt | 


; 2250 : 


PLAN 
Fig. 12.12. 


E Check for development length 
0.87 /, 9 
f Tal 
_ 0.87x 415 x16 _ 7509 mm 

4x1.92 


2250 - 0.40 x 1000 = 900 mm, hence O.K. , 
2 


[t,,) = 1.92 N/mm* for M20 Fe 415, Table 5.8] 





Ly = 


Available length of bars = 


# {| 


—" as 
aaa ge ae a ae 
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' ae uniform thickness for an axially theidea ra, 
preps column is 1150 KN. Safe bearing Capacity of ¢h.u% 
) 415 steel. a mit 


Example 12.2. 
Design a rectangular 
size 3 n x 600 mm : 
Scat te M20 concrete and Fe 
Solution w. = LISO KN 
| w, = 10% of w, = 11h kN 
tt. + (Dy = 1264 kN 


g, = 200 kN/m* 


x mL } 
recpae) mt =0.48 and R, = 2.76 T 





We + Wy _ 1260 _ 6.925 m? 
— of footing Asc dy ~ 900 | 


Considering length to width ratio of footing same as that of column, f.e. 2, 


ya | | 
Areaoffooting = x Ky =x x 2v= Or” = 6.325 


6.325 ; : 
t= J > * 1.78 msay 1.80 m 


y = 2r=3.60m 


Soil pressure due to column load only 


1150 9h 
— ee 177.47 N/m? 
= 3601.80 /m 


Factored soil pressure = 1.5 «177.47 = 266.21 kN/m* 


& Calculation of depth of footing 

(a) By one way shear criterion: Critical section is at d from face to column (Fig. 12.13 
and Fig. 12.14) 

rua O28 9 
S.F. in longer direction = 266.21 x 3.6 x | — a | 
956.456 x 0.75 — 958.956 d 
= 718.767 -— 958.356 d 
y- | 2 

— —_— Purx STR og | 
S.F.in shorter direction = 266.21 x 1.8x| — 3 -ad 
718.767 — 479.178d mh 


©.F. in shorter direction is more. 








ll 


S.F. resisted by the concrete = tT Xd [t. = 0.32 for 0.2% steel reinforcement! 
_ 0.92 B | | 
= io “1SOxd =576d sel 
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Fig. 12.13. 


Fig. 12.14, 
gating (iand (W) 
718.767 -479.178d = 576d 
d = 0.681m ‘ 


j “ ‘ 1.80 
4) Depth of footing by two way shear criterion ; Critical #——————91 


gon is at d/2 from the face of column. (Fig. 12.15) 
_ 


shear force at critical section due to shaded area 
= 266.21 x (3.6% 180-(0.3+d)x(0.6+d)) 
= 1725 — 266.21(0.18 + 0.9d + d°*) 


= 1677.08 - 239.59d - 266.21d° 
(HEE) 


Punching shear resisted by section = t, x A 


0.25 Jf, = 0.25/20 = 1.118 N/mm? 


where t 
A = Area of critical section = perimeter x d 
(0.30 + d) + (0.60 + d)| x d 


=710.90 + 2d) d = 0.9d + 2d" Fig. 12.15. 


10° ) 4 
Shear force resisted 1.118 x 1nd x (0.9d + 2d~) 


il 


ne 
1006.2d + 2236d" 
Equating (iii) and (iv), we get 
1677.08 -239.59d - 266.21d" = 1006.2d + 2236d" 
Or d” + 0,498d — 0.67 = 0 


296 





lt!) 





a.c.c, Design and Drawing 







> 





9.498 + /0.498° + 4 x 0.67 
a = 9 
| gy moment criterion : ritical section is at the face .- J 
(c) Depth of footing by bending of th 
column, (Fig. 12.15) 


OS’ | 





* 
a 
a 
Fig. 12.16. 
B.M.inlongerdirection = 266.21 1.80 15 x “y = 599.08 kNm mi 


266.21 x 3.60 x 0.75 x 22 


B.M. in shorter direction = 
= 269.54 kNm. Hence B.M. in longer direction is more. 


Moment of resistance in longer direction 


r hea xd [For Fe 415] 


= 0.138 x 20x 1800 xd? 
= 4968 d- Nmm. - 
Equating (v) and (vi), we get v(t 
539,08 x 10° x 10° = 4968¢? 


d? = 539.08 x10" | 
f=  g96a = ]08510.5 
d= 330mm - 0.3890 ) 
m (C] 


Out of [, | : 
utof [A], [B) and IC} the value of [A], i.e.,681 mm is highest 
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Footings 
“am dia, and 50mm clear cover, 


cage 10 | _¢ 
jsin® overall depth, D = 690 +8 + 59 ~ 7148 





mm say 750 mm 
inforcement 
a of rem 
g Are 
M,, = 0.87 iy A,.d a. A, hy 
; : fs 
por lonBer areas 
539.08 x10° = 0.87x415x A, x 692 t Ag x 416 
| ~ ("1800 x 692 x 20 
= 249846.6 A. t is Ay 
| 60028,92 


249846.6 A,, - 4.162 AS 
ot Ast 7 60030.41 A,, + (129.52 x10°) =0 


4. $0030.41 4 


at = 





'60030.412 ~ 4x 129.52 x10° 


5 = 2225 mm® 


Using 16 9 bars, spacing = on x 1800 = 162.60 mm 


) provide 16 6 @ 160 mm ce/c 
For shorter direction 





269.54 x 10° = 249846.6 A, (1 sae 
60028.92 


249846.6 A,, - 4.162 A? 


I 


or A? -60030.41 A,, + (64.76 x 105) = 0 


4. 80030.41 + ¥60030.41? - 4 x 64.76 x 10° 


aa 





2 
A, = 1098.91 mm? 
fe 
oo | | Sie .2 
Min reinforcement @ 0.12% = T00 x 3600 x 750 
= 3240 mm* > 1098 mm” 
As per IS code provisions 
Reinforcement in central band _ _2 
Total reinforcement in shorter direction ~ {}+1 
where f= Dee 
x 18 
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Reinforcement in central ban >, wee 
Hence | 3240 - 2+1 
or Reinforcement in central band = ; x 3240 
= 2160 mm* 
This reinforcement shall be distributed in central 1.8 m bandwidth. 


201 , 1800 = 167.5 mm say 160 mm 


Spacing of 166 bars = 9160 
Provide 16 ¢ @ 160 mm c/e in central band 


Balance area of steel to be distributed in outer bands 
~ 3240 - 2160 = 1080 mm” 


_ | 901 — senn— 2 
Spacing of 16> bars = jog9 x 1800 = 335 


Maximum spacing allowed = 300 mm or d (692) whichever is less, 
Provide 16 ¢ bars @ 300 mm c/c for the outer bands. 


= Check for development length 
0.87/, > 0,87x 415 x16 
= = 752.2 mm 


—— SS 
= i 


 —— 
d 4T) 41,92 


Available length in shorter direction, beyond column face 
1800 - 300 
Se = 750 mm < 752.2 mm 
Provide § ( ue 7 
rovide 90 degree bend at the free end of the reinforcement, as per IS provisions, anchc 
, SIONS, ancnorage 


value of 90° bend = 86 = 128 mm. 
Hence, total anchorage length = 750 + 128 = 878 mm > 752.2 mm, -. O.K 
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SECTION 
Fig.12.17. 


rn 
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a ae a ee ee ee 
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#16 @ 300 mm c/c 
(outer band) 

#16 @ 160 mmc/c 
(central band) 


#16 @ 300 mm cic 


#16 @ 160 mmclc 


x 


Ea 


#16 @ 160 mmc/c 
(Central band) 


' #16 @ 300 mm cic 
(Outer band) 


#16 @ 160 mmc/c 
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INSIDE THIS CHAPTER 












43.3. Proportioning of Stair Case 





13.1, Introduction ta Sta 
13.2. Terminology used in Stair Case Design 13.4. Strucutral Behaviour of a stair Case 





13.1. INTRODUCTION 


A stair case is a means of giving access to different floors or levels of a building. Stair cases 
are used in almost all buildings. It consists ofa number of steps arranged in a way thata Person 
can move from one level to another. The arrangement of steps is as per the convenience, standards 
and space available. Commonly used stair cases are as follows : (Fig. 13.1). 





(1) Straight stairs 

(2) Quarter turn stairs 

(3) Open well type (Halfturn stair) 
(4) Dog legged stairs 

(5) Circular or spiral stairs 


13.2. TERMINOLOGY (Fig. 13.2) 


rs 





ae Flight: Flight is the length of the stair case between two landings. It is the sloping and 
portion (slab) of the stairs. The number of steps in a flight varies from 3 to 12. 

2. Landing: Landing is the intermediate, horizontal portion provided in a staircase. Itis 
provided for relaxing while climbing and entering or exiting a stair case, 

3. Rise: The vertical height of a step is called rise or riser. It varies from 150 mm to 
180 mm for residential building and 120 to 150 mm for public building. 
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Landing 






3. Hall turn stair 
(Open well stair) 


4.Dog-legged stairs 5. Open newel stair with 6. Circular stairs 7, Spiral stairs 
quarter space landing 


Pig. 13.1. Different types of Stairs. 


4, Tread: The horizontal distance between two risers on a step is called as tread. The 
width of a tread is kept as 200 mm to 250 mm for residential building and 200 to 300 mm 
for public building. 

5, Going and Nosing: The horizontal distance between two risers is known as going and 
the portion projecting out from the riser surface is called as nosing. Nosing is provided 
when the available horizontal distance for a tread is less. 





Fig. 13.2. 


- FF - 
. Ft a Fi 
aa a “7 a Les rer 


Ss 
i, ta 
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6. Head Room: It is the clear height available between one flight and othe 
7. Soffit: It is the bottom surface of the waist slab, 


r Above 


i > 
13.3. PROPORTIONING OF STAIR CASE 
ee Eee Oe ene ee 
Astnair case is proportional on the basis of space available and some thumb rules 
below : _ enti, 
1. 2x Riser + Tread = 600 to 640 mm 
Riser * Tread = 40,000 to 42000 mm 
Width of private stair case is about 900 mm and that of public stair CASO ig 
1800 mim to 2400 mm. Spt Abas 
4. Clear height between a flight and the other vertically above it (head room) shoulg 
NOt be 


Ney 


oo 19 


less than 2.10 m. 
5. The angle of flight with the horizontal should be between 25° to 40°, 
6. For free flow of users the width of landing should be equal to the width of stair 
g, 


13.4. STRUCTURAL BEHAVIOUR OF A STAIR CASE 





Structurally a stair case slab behaves like an ordinary slab supported on the Walls 
It may be supported in the direction of steps or in the direction of going dependin, OF beam, 
location of the supports. The stair case slabs are classified into two types based on the Fay the 
which it spans. TECtion jn 
(() Stair slab spanning horizontally 
(a) Stair slab spanning longitudinally 


13.4.1. Stair Slab Spanning Horizontally 


The stair slab supported on both sides over the walls or beams (stringer beam on one sid 
a beam or wall on other side) is called as stair slab spanning hori zontally, The effective “i Fn 
this type of stair slab is taken as the horizontal distance between centre to centre of tie 
Each step is designed as a slab spanning horizontally i.e. like a rectangular beam ptatias rie 
stair slab spanning horizontally, along with the reinforcement is shown in Fig. 13.3 Cantit 2 
steps alsu cumes under this category. Borat never 





May, 
Vee, 





Section at XX 





stringer | 
Wall beam or wall Distribution 


5 tel 
(a) (b) 


Fig. 13.3. Stair slab spanning horizontally. 
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13-4-2- Stair Slab Spanning Longl 
The stair slab supported bie len 
syst Dog legged, —- fe “i and top of the flight is called as stair slab spanning 
sad OF TK j | * Warter Lurn stairs come under this cats , 
Clause ‘3 of TS 456 gives guidelin | 3 : rthis category. 
a= cy aho ; = | in a 
ferred: aout the design of such stairs which are to be 
Effective Span 
The effective span of these SLAITS is tn 
it) The centre to centre distance he b 
top and bottom risers. (Fig. oy the beams supporting the 
ia) When the landing spans Parallel t 
er eae : othe risers | mis 
' Peat ie he i like nas n distance equal to thle . : 
stairs plus ha the width of landing on vith Boing of the 4 ---___ ~ 
meter which ever js smaller. ‘Alher sides or one Fig. 13,4, 


tudinally 
bi 
ll 


Landing 
ken as following : 3 





slair siab 


— 
Landing 





Ie Going (G}— pre ma’ 





Fig. 13.5 
(i) When the landing spans paralle! to the stairs 
centre to centre distance of the : 
horizontally in this case. Fig. 13.6 


irs, the effective sp 
Supporting beams or 


* 


pan 1s taken as equal to the 
walls, the going is measured 


Landing 





Fig. 13.6 


. Loads on Stairs 


a) Live loads: As per IS 875 live loads coming on the stair may be taken as follows : 
(i) Stairs liable for over crowding = 5 kN/m* 


(t) Stairs not liable for over crowding = 3 kN/m 
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D = Thickness of waist slab 
7 = Tread widih 
FR = Riser height 


Fig. 15.7. 


ds are to be calculated per unit horizontal area. The dona 
ad , 


(b) Dead laads: Dead loa 
stairs consists of 
(i) Dead weight of steps 


(iz) Dead weight of waist slab 


fone steps (for 1m width) 





(1) Weight 0 
w, = Area af steps x 1.0* Density of R.C.C. 
RxT _ 25 RT 
w= > x10x25=—Z 
Weight of steps per ™ Jength in plan, 
95 RT _ 29 
me o%r 2” where Risin metn 


(ii) Weight of waist slab (for 1 m width) 





/R* (T? x Dx1.0x™ 25=25D, 


Weight of waist slab per m length in plan 


fp? +T? [Rr 
[Uy = 25D En —- 25D = a | 


Total load,w = w,+ Ws 


3. Distribution of Loading on Stairs 


(a) Incase of stairs with open wells, where spans partly crossing at right angles occur, the 
load on areas common to any such spans may be taken as one-half in each direction a3 
shown in Fig. 13.8 (a), 

(b) Where flights or landing are built into walls ata distance of not less than 110 mm and are 
designed tu span in the direction of the flight, a 150 mm strip may be deduced from the 
loaded area and the effective breadth of the section increased by 75 mm for the purposs 

of design 13.8 (8). 


305 





Design of Stairs &> 











Vii 
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LL 
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(6) Loading on stairs built into walls 
Fig. 13.8. Distribution of loading on stairs, 
4. Depth of the Section 
The depth of the section shall be taken as the minimum 
thickness perpendicular to the soffit of the stairs as shown 
in Fig. 13.9. 
Note. For designing the stairs, the thickness of waist 


1 l : 
slab may be assumed as oT to 25 of span for trial section 





calculations. 


Fig. 13.9. 


ne )=6OSOLVED EXAMPLES SSS 


Example 13.1. $$ ees rn 

| stal ding i 7 ing 3.0 m =x 6.0 m 
Design a dog legged stair case for an office building in a room measuring 0. 6.0 
(clear dimensions). Floor to floor height is 3.5 m. The building is a public a 
liable to overcrowding. Stairs are supported on brickwalls 230 mm thick at the end o 
landings. Use M20 concrete Fe 415 steel. 
Solution. @ Proportioning of Various Dimensions of Stair case 

Available width of staircase = 3.0m 

Considering 2 flights of dog logged stair ce 

Space between the two flights = 30-2 1.85=0.30m 


ase, let us assume width of each fight as 1.35 m 


- -> © | 
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Floor to floor height = 3.5 m 
As there will be two flights, each Nigh 
3.00 
—— = ],/5m 
9 i 
Assuming height of risers as 150 mm 


1750 . 
Number of risers = 59 = 11.66 say 12 


t will have a height of 


as it is a public building. 


Number of treads required = Number of risers— 1=12-1=11 
Let width ofeach tread = 300mm 
Total going = 300 x 11 = 3300 mm = 3.30 m 
6.0m 


6.00 - 3.30 


Total length available 


= 1.35 m=19350 mm. 


Width of each landing 


a. 


0 
| 3300 
Design of stair case 


Fig. 13.10. 
m Effective span of flight = Centre to centre distance of walls 






j}~—_——3000 








1350 230 


0.23 0.235 
een ah ee 


6.00 + ; 3 = 6.23 m= 6230 mm 


; ; 1 
@ Thickness of waist slab = 30 of span (approx. ) 


a a ~ 1000 = 311.5 mm 


Let ustaked = 300mm and D=325 mm. Fig. 13.11. 
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“g ae af walst slab in plan (perm width of flight) 
Z 
x25 = 9.1 kN/m 


f 
1B x20 = 0.325 |1+4 
= = 


veight of steps (per m width of flight) 


"kt 
¢ BD 
1 QIAO x 25 = 1.875 kN/m 
z a 0.30 
Total dead load = 9.1 + 1.875 = 10.975 kN/m 
Live load = 5 KN/m* = 5 kN/m per m width of stair case 
Total DL + LL = w = 10.975 + 5 = 15.975 kN/m say 16 kN/m 
Factored load,w, = 16 x 1.5 = 24 kN/m 
DL 


"I 


roe landing 0.325 x 25 x 1.0 = 8.125 kN/m 
LL = 1x 5.0 kN/m* = 5.0 kN/m per m width of landing 
Total, DL + LL = 13.125 kN/m 
Factored load = 1.5 x 13.125 kN/m 
= 19.70 kKN/m 


[ead diagram of the stairs shall be as follows: 





Fig. 13.12. 


§ Design moment 


(2x 19.70 x 1.465) +(24x3.30) 
Reaction at supports, R, = &_ = ———————_, > = 68.5 kN 


6.23 a 1.465 + 3.30 ' 
BM at mid span, M, = [68.5 x - 19:70 x 1.465 x [24s nase 


3.30 J _ 3.30 
{24x 30 9 4 a) 





M 112kNm 


I! 
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Max. BM allowed for a singly rein forced section W ‘ith Fe 415 bars [ lable 6.2) 
hd? = 0.198 x 20 x 1000 x 300° x — 
0.138 fia = 


Mum 


= 2484 kNm > 112 kNm. 
Hence section can be designed as singly reinforced. 
@ Area of reinforcement 


mid 


M, = 087 f, Aud be ‘a 


112x10° 0.87x 415xA,, ¥ 300 1 70005300 * Be 


= 108315 A,, - 7.494; 


A2 -14461.28 A,, +14.9x10° = 0 


14461.28+ /(14461.28)" -4x14.9x108 
Ay = 0 = 1117 mm* 





Roy 2 
Using 16 mm bars, A, = 4 «16° = 201mm 


201 
Spacing = ae 1000 = 179 mm 


provide 16 mm ¢ @ 170 c/c 


12 a 
Distribution steel = 0.12% of area = = «1000 x 325 = 390 mm? 


Spacing of 106 bars = a x 1000 = 201 mm 
provide 10 6 @ 200 mm c/c 
& Development length 


.(0.87f,) 16x 0.87x 415 


d~ 4t,,  4x16x12 = 752 mm 


Providing 800 mm length of bars at points where L,, is required as shown in Fig. 13.13. 
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800 Minimum 


410 @ 200 cc 


: #16 @ 17Ommcc 
#10 @ 200 cic 


325 mm thick wais! slab 
#10 @ 200 cc 


1350 mm 3300 1350 mm 


Fig. 13,13. 


ing “ae stair case, if the landing slab is supported on sides instead of ends, 
po 930 mm thick. 
i 





Fig. 13.14. 


solution. 
8 Effective span of flight 
xX = y =" -675 mm <1.0m 
Hence Effective span of flight = 3300 + 675 + 676 = 4650 mm 
: 4650 _, caw O08 rari 
Thickness of waist slab = 99 ~ 232.6 say 225m 
Overall thickness = 250mm and d= 220mm 
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= Londing 
(a) Waist slab 


s | 150? op _ 
Weight of waist slab in plan = 0.25 [1+ 3002 x 25 = 6.98 KN/m 


> x 0.15 x = x 25 = 1.88 kN/m 








Weight of steps (per m width) = 
Totaldead load = 6.98 + 1.88 = 8.86 kN/m 
Live lead = 5 kN/m 
DL + LL = 13.86 kN/m 
Factored load = 1.5 x 13.86 = 20.8 kN/m 
(b) Landing DLofslab = 0.20 x 1.0 x 25 = 5.75 kN/m 
LL of slab = 5.0 x 1.0=5 kN/m 
DL+LL = 10.75 kN/m 
Factored load = 1.5 x 10.75 = 16.13 kN/m 


Load diagram of the slab shall be as follows : 
20.8 kNim _ 





16.13 KN/m 


Al. } —— ) 
675 3300 675 ° 
Fig. 13.15. 


bl: hx 4 (908 x34) 
i. « nr, eee ) _ 45 OLN 


| 3.4 + 0.675 : 4) 
Max BM,M, = [45.2 x (0.675 + 1.65)| - 1633 x 0.675 [$3+ 0.676) + (20.8 x S ‘ a3) 
= 55.14 kNm 


M, lim = 0.138/,, bd* 

0.138 x 20 x 1000 x 225° 

139.73 x 10° Nm = 139.73 kNm > 55.14 kNm 
Hence, section can be designed as singly reinforced. 


@ Area of reinfrocement 


I 


I 





, | A ly 
M, = 0.87xf, Ag, d f hel -| 


se 
i 


514x108 = 087x415 x 225xA,, [1-4 — 
<< 1000 x 225 « 15 


= 81236.25A,, -9.99A; 
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“+. tion steel @ 0.12% 
.-erjbution steel 
pistt 


Spacing of 8 o bars 
go @ 160 mm c/e. 


ppovide 


g Desiem 


Effective span 


Factored load | 


BM. 


91.04 « 10" 


¢ Ai -10845.83.A,, + 2.81 «10° 


A, 


Minimum steel 
hence provide 8 OG 160 mm c/c. 


12 6 bars spacing 





6131.76 + (8131.76)? —4+552>10° 
$$$ nn 4X 552 x10" 





- 2 
= 745 mm 

113 | 

0.12 





ae 1000 » 250 = 300 mm? 


50 
300 * 1000 = 166.67 mm 


0 
3.00 + 2:23. + 953 3.23 m= = 3230 mm 
16.13 wants 
ya ! =a 
a =16.13> ae = 21.04 kNm 


O87 =415A,, = 225) : 


A, ™x415 
1000 « 225 x 20 


81235.25 A,, - 749 AZ 


0 


10845.83 + /10845.83)" - 4 «2.81 «10° 
2 





10845.83 - 10314.65 


2 


0.12% = 300 mm* as above 


= 965.59 mm" 
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L #12 @ 150 c/c 






#8 @ 160 c/c 


| 1350 
13509 3300 +<————_y, 


(a) Reinforcement in stair flight 


#8 @ 160 mmcic 


9 0 | 





(b) Reinforcement in landing slab 


Fig. 13.16. 


= QOBJECTIVE TYPE QUESTION = 


(A) Fill in the Blanks : 


1. Stair cases are required for . 
2. Portion of stairs between two landings is called a 
3. Stairs with two successive flights parallel to each other with a landing connecting these 


movements in the buildings. 


flights are called __ Ss stairs. 
4. Depth of the waist slab is the 
5. IS code recommends that slope of stair case should be between 25° to 
mm in residential buildings and _—— 


thickness perpendicular to its soffit. 





in 
6 Width of stairs is kept about . mm 
public buildings. 


ah tee 
aan = 
aces age ai 


313 





PRESTRESSED 
CONCRETE 





345 





314 


r animales 





sAESTRESSED CONCRETE 





{ INSIDE THIS CHAPTER 





14.1. Introduction 
44.2. Concept of Prestressing 





14,5, Prestressing Methods 
14.6. Methods of Internal Prestressing 
14.7, Prestressing Systems 

14.8. Losses of Prestress 






44,3, Materials used in Presstressed Concrete 
4.4, Advantages and Disadvantages of 
Prestressed Concrete 








14,1. INTRODUCTION 
—— 


Inordinary reinforced cement concrete, compressive stresses are taken up by concrete and 
ensile stresses by steel alone. The concrete below the neutral axis is ignored since it is weak in 
‘ension. Although steel takes up the tensile stresses, the concrete in the tensile zone develops 
ninute cracks. The load carrying capacity of such concrete sections can be increased if steel and 
sncrete both are stressed before the application of external loads. This is the concept of prestressed 
rncrete. As per ACI committee prestressed concrete is that concrete in which internal stresses 
_ of suitable magnitude are tntroduced so that the stresses resulting from the external loadings 
ran be counteracted to a desired degree. 


InR.C.C. members, prestress induced is of compressive nature so that it balances the tensile 
stresses produced due to external load. It makes the whole section effective (the concrete area in 
the tension zone also!) in resisting loads. 


14.2. CONCEPT OF PRESTRESSING 





In reinforced concrete, prestress is commonly introduced by tensioning the reinforcement. 
So, compression is induced in the zones where external loads would normally cause tensile stresses. 
ig. 14.1 (a) shows a prestressed concrete beam of rectangular section subjected to a prestressing 


. — 
force P, at the centrioidal axis. Due to this force, a uniform compressive stress x will be induced 


"concrete as shown in Fig. 14.1(b). Under the action of loads, the stress at any point will 
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es y and the stress diagram for the external loads is shown in Fig, 14. 1(e). The p 


7 __% Na) 
diagram 14.1(d) shows that final stresses In the section are compressive only ‘tte, 


JE 





(a) Prestressed concrete beam (6)Compressive = (c) Bending A ) 
prestress stress due to ) Fina) Stres, 
loads distribution 


Fig. 14.1. 


Compressive prestress inthe beam = + A 
M ; 
Bending stress due toexternalloads = + py or a 

Net stress = i + La y 
A i! 
. P M 

Net stress at the top fibre of the beam section = a 7 
P M 

Net stress at the bottom fibre = a “ .¥ 


By keeping - more than a there will be no net tensile stresses in the section and the 


cracking is minimised. 
14.3. MATERIALS USED IN PRESSTRESSED CONCRETE 
Steel and concrete are the basic materials of construction of prestressed concrete. 


14.3.1. Steel 


Ordinary mild steel and deformed bars used in R.C.C. are not used in PSC (Prestresye 
concrete) because their yield strength is not very high. In the PSC, loss of prestress (about 
occurs due to many factors. If mild steel or HYSD bars are used then very little prestress W"" 
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: ws high tensile strength steel is used for 
primate elongation. Various forms o | “ . steel used in prestresing must have a higher 
" /+0r prestressing are as follows : 


gendons are high strength te 


nsile wi 
rable 14.1 gives the ultimate ten oon 


sile strength able in various diameter from 1,5 mm to 8 mm. 


of steel wires used for prestressing. 
Table 14.1. 





Diameter of F fe) | 
Seis (mm) Ultimate tensile strength (Nimm?) | 


2350 


(b) Wire Strands or Cables 

Astrand or cable is made of a bundle of wires spun together. The overall diameter of a cable 
or stand is from 7 to 17 mm. They are used for post-tensioning systems. 
(c) Bars 

High tensile steel bars of diameter 10 mm or more are also used in prestressed concrete 
14.3.2. Concrete 


Since high tensile steel is used in PSC, the concrete used should also be of good quality and 
high strength. Therefore, IS code recommends a minimum mix of M 40 for pretensioned system 
and M 30 for post-tensioned system. These mixes have high strength and a high value of modulus 
of elasticity of concrete which results in less deflection. 


The concrete used in PSC should be well compacted. High strength concrete is used in PSC 
for following reasons : 


(i) Use of high strength concrete results in smaller sections, 
(ii) High strength concrete offers high resistance in tension, shear, bond and bearing. 
(iii) Less loss of prestress occurs with high strength concrete. 


14.4. ADVANTAGES AND DISADVANTAGES OF PRESTRESSED CONCRETE 


Advantages of Prestressed Concrete 


1. Prestressed concrete section are thinner and lighter than R.C.C, sections, since high 
strength concrete and steel are used in PSC. 


bo 


In PSC. whole concrete area is effective in resisting loads, unlike R.C.C, where concrete 
below the neutral axis is neglected. 


3. Thinner sections in PSC results in less self weight and hence overall economy. 
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4, Long span bridges and flyovers ar™ made of PSC =e of lesser self weight and h. 
| section. So. PSC is used for heavily loaded =o | 
; “ccsgs less deflection. 


sie > show 
5. Prestressed concrete members § J , . oo 
6. Since the concrete does not crack in PSC, rusting of steel is ie 
} | bi : ‘here tension develops 
7. Prestressed concrete 1s used in the structures W here ten PS or the stray 


subjected to vibrations, impact and shock like girders, bridges, railway sleepers clegn® 
poles, gravity dams ete. c 


8. Precast members like elec } 
using simple pre-stressing methods. 






tric poles and railway sleepers are produced easily jy, fact 
Orie 


Disadvantages of Prestressed Concrete | 
1. Prestressed concrete construction require very good quality control and Supervision 


2. Cost of materials used in PSC 1s very high (high tensile steel is about 3 times cost]; 
than mild steel). ler 

3. PSC requires special 

4. Prestressed sections are more brittle because 


‘sed tensioning equipments and devices which are very costly 
of use of high tension steel. 


14.5. PRESTRESSING METHODS 


Prestress can be induced in the structure by various prestressing methods. Some of which 
are explained below : 


(i) Internal Prestressing 

In this system, a prestressing force 1s applied to the high tensile steel i.e. the steo| 
reinforcement. It induces internal compressive stresses in concrete. It is the most commonly 
used method because of easy and accurate application. Internal prestressing can be done by 
two methods : 

(a) Pre-tensioning 


(5) Post-tensioning 


(ii) External Prestressing 


This metliod is not commonly used. In this method, the prestresing is done by adjusting the 
external reactions (by introducing different support conditions). In Fig. 14.2, simply supported 
beam is prestressed externally by jacks. The externally prestressing system requires very much 
accuracy in planning and application. 





Fig. 14.2. Externally prestressing system for a simply supported beam. 


14.6. METHODS OF INTERNAL PRESTRESSING 





1. Pre-tensioning Method 
2. Post-tensioning method 
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Prestressed Concrete 







: pre-tensioning Method 
, n this method, prestress is Abutment 
_syced (the tendons are tensioned) — ~ Pres 
Dee the concrete is placed. It is 
ait in factories. In this method, ‘oo 
e tendons are enclosed = 

‘emporarily against some Prestressing bed 
abutments and then they are pulled Fig. 14.3. Pre-tensioning Method. 

y using, Jack type devices, 
concrete is placed while maintaing the tension. When concrete is hardened sufficiently, the 
rendons are released slowly or cut. This will transfer prestress from steel to concrete through 
pond A prestressing bed is shown in Fig. 14.3. 


This method is common ly used for small sized members like beams, slabs, piles, sleepers and 
electric poles etc., which can be casted easily in factories. 





advantages and Disadvantages of Pre-tensioning 

Pre-tensioning is done in the factories so it is more reliable and durable technique. But it is 
used for smaller sections, so heavier and longer sections cannot be prestressed. When cable is 
released or cut, after pre-tensioning then, it leads to more logses due to sh ortening. The shrinkage 
and creep losses are also more in pre-tensioning system, 


2. Post-tensioning Method 

In this method, the prestress is induced or tendons are tensioned only after the concrete has 
hardened. In this system, the concreting is done first and a duct is formed in the member with 
tube or with a metal sheather. When concrete has sufficiently hardened then tendons or cable is 
passed through the duct. It is tensioned and anchored at its ends. The prestressing force is 
transferred from the tendon to the member through ancharge wedges. The space between the 
tendon and the duct is filled with cement grout. : 

Post tensioning method of prestressing is used for both precast and cast in situ construction. 
It is used for large span structures, like bridges. 


Advantages and Disadvantages of Post-tensioning Method 


1. Post-tensioning can be done in factories and at the site also. 
2. The loss of prestress is less as compared to pre-tensioning system. 
4. This method is used for large spans and heavily loaded structures. 
The disadvantages of post tensioning method is that it is costly as compared to pre-tensioning 
method because of use of sheathing. 


sw 





Hallow duct to be filled with cement grout 


Fig. 14.4. Post-tensioning method. 
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14.6.1. Difference between Pre-tensioning and Pos 





t-tensioning Sys ‘ 
tem, ee 















Pre-tensioning Method Post-Tensioning Mcthog | 












It is done in the factories thus suitable 


for precast construction works. 
2. Small sections are to be constructed. 


It can be done in factories as well as oo 
| onthe 
© tity 






Size of member is not restricted So] 
bridges are constructed by Post-tensigg ” SPap, 
1 















3. Loss of prestress is more (about 18%). Loss of prestress 1s less (about 15%), 
4. It is cheaper because the cost of It is costlier because of use of sheathing 
sheathing is not involved. 3 
: saad The durability depends u 
It is more reliable and durable. ; pon the two anch 
mechanism. “hora, 
14.7. PRESTRESSING SYSTEMS 
rma lalla a atcads sae Sct 
A prestressing system consists ofa method of stressing steel and a method of anchor; 
concrete. Some of the commonly used prestressing systems are as follows : 3 MN itt, 
il 
1. Freyssinet System 
This system was developed by French engineer Freyssinet and is most Tommonly ys 
post-tensioning. In this system, high tension steel tendons are grouped together (g 19 Sed fy 
: = . i : 1 1 . 
number) into cables enclosed in a helical spring, as shown in Fig. 14.5, oT 16 in 
The cables along with spring is enclosed 
in a tube or sheathing. The cables projects Corrugations 
out of tube at the ends for about 80 mm for | RA 
providing grip for tensioning. The ancharge SQ \ Cable 
consists of a concrete cylinder with : ANN) af 
corrugations and having a conical hole as 
shown in Fig. 14.5. This cylinder is called 
as female cone. The conical plugs, called as 
male cones are pushed into the cylinder and Z 
the cement is pumped through the holes to AS 
out the space. It prevents the wires from mt Female cone 
ia Papen be " = with steel spirals 
ag . ; Wire 
This method is not very costly as the : — 
wires can be secured easily and plugs can EE ES SPOONS Seer 
be left in the concrete as they do not project 
out side. 
2. Magnel Blaton System 
In this system an, even number of wires, up to 64 of high tensile steel (5-7 mm diameter) are 
arranged in a group of four with the help of vertical and horizontal spacers [Fig. 14.6(a)]. These 
spaces help the wires to remain in position. The wires are anchored at the end, two at a time into 
a locking plate by the wedges. The locking plate is provided with two grooves on the upper side 
and two on the lower side. Two wires are kept in cach proave and the steel wedge is inserted into 
the groove, thus tightering the wire. Eight wires can be anchored on one locking plate and the 
locking plates are arranged one over the other. 
rs] 
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Prestressed Concrete 
“atressing wires, ducts are cag 


fo ber cores are taken out after 8-] 
¢ 









t into the member by the moulds havj ng rubber cores 


0 hours of concreting and ducts are formed. 


| 


qi 





Li! 
Sandwich plate Wedge 





Distribution Plate 


(b) 
Fig.14,.6, Magnel blaton system. 


14,8. LOSSES OF PRESTRESS 











= A a : — — not remain constant but decreases with time, The amount 
orce WHICH BETS FeCuced or lost is known as loss of prestress It mac _ ) hi 
eof stress is due to the following reasone prestress, It may vary from 15 to 20%. This 
ge. * * 
n Loss Due to Elastic Shortening of Concrete 


In pretensioned beams, when the prestress is 
pnerete member gets shortened along with steel. 
ange from 3 to 6%. This loss does not occur in post 


transferred from the steel to concrete, the 
This results in loss of prestress which may 
-tensioned members. 

‘i Loss Due to Creep of Concrete 


Creep is the strain caused in concrete due to sust 
ime. In PSC, the sustained stress is the prestress which causes creep shortening. Pretensioned 


members have more creep loss than post-tensioned because they are prestressed earlier (before 
concreting). This loss of prestress, may range from 5 to 10%. 


ained (constant) stress over a period of long 


(iii) Loss due to Shrinkage of Concrete 


Concrete shrinks because of drying and chemical changes. The shrinkage in conerete depends 
upon the quantity of water, aggregate atmospheric conditions and time. The loss of prestress due 
to shrinkage is calculated as follows: 


Loss of prestress = E, x ¢, 
where £, is modulus of elasticity of stee] 
c, is shrinkage strain 
t is age of concrete in days 
For Pre-tensioninge, = 0.0003 
0.0002 
logig (¢ + 2) 
For pre-tensioned members this loss is about 5% and for post tensioned it is about 3 to 4%. 


For Post-tensioning €, = 


FL LLLILLLLE LLL LLLLEL IL IALISIL ILIA LT TISA IVP OPE PPR oot beseeeccss 
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(iv) Loss Due to Felaxation of Steel | . 
der aconstant strain. It is time de 


Loss of prestress occurs due to relaxation, un 
oder nal | -- logy is about 2 to 8% of pres! 
also depends upon the amount of stress. This loss 15 about 2 to 6% of prestress. 





Pender 
tg 
hid 


(v) Loss Due to Friction 
Friction loss occurs 1n post-tensioned members cd 

tendons and ducts or spaces ete. This loss can be reduce 

prestress from both ends avoiding large curvatures etc. 


due to friction in jacks, bety, 
d by lubricating the cables iaeas the 
i f ‘é 
Ying 


(vi) Loss Due to Slip 
When the prestress is transferred from steel tendons to concrete, the tendons may 
loss of prestress. This slip may vary from 2 mm to 5 mim. 
Note. The initial prestress should be ‘nereased to cater for the above mentioned losses 
Total losses in pre-tensioning system is about 18% and in post-tensioning £Ysten 


it is about 15°. 


— QBJECTIVE TYPE QUESTIONS = 
a 


(A) Fillin the Blanks : 
The minimum grad 
The steel used in prestre 
Prestressing results in elin 
Prestressed concrete members deflects 
size members are commonly pre-tensioned. 

in pre-tensioned systems. 

than pre-tensioned system. 


with the time. 


e of concrete for pretensioning is 

ssed concrete is called as 

\ination or reduction of stresses. 
than H.C.C. member. 


PpPek ep = 


Loss of prestress is - 
7. Cost of post-tensioning ts 
8. The prestressing force 


(B) State True/False : 

1. Prestressing helps in minimising the cracks. 
Pre-tensioning can be done on the field. 
Prestressed members show large deflection. 
Male and female cone are in Magnel Blaton system. 
Post tensioning is costlier than pre-tensioning. 
Loss of prestress is more in post-tensioned structures. 


Sl Ob 


7. Lang span bridges are constructed by post-tensioning. 
8. High strength concrete 1s used in prestressed conerete. 


(C) Multiple Choice Questions: 
1. Minimum grade of concrete for post-tensioned works is 


(a) M40 (b) M30 

(c) M20 (d) M50 
2. Pretensioning is used for 

(a) Poles (b) Bridges 


(fc) Dams (¢) None of the above 


O22 
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APPENDIX 





USE OF DESIGN AIDS (SP-16) 
Design aids for reinforced concrete to IS 456 (SP-16) are published by Bureau of Indian 


standards. These aids help the designers by reducing the design time in the use of certain clauses 
-pfthe code IS 456 for the design of beams, slabs and columns in general building structures. 


The design aids gives the charts and tables based on certain parameters for the design of 
members. These can be used conveniently depending upon the material properties. 
sINGLY REINFORCED RECTANGULAR SECTIONS 
SQ 
It Is possible to generate design curves and design tables for singly reinforced beams based on 
Mu/bd* and P,(%) values. 
(i) Charts 1 to 18 of the design aids are prepared by giving different values to Mu/b and d 


| _ M ae 
versus P,. Knowing — and d, percentage of tensile reinforcement i.e. P, can be read 


from the charts. PP 


(ii) Table 1 to 4 of design aids gives the values of percentage reinforcement (P,) against cat 
for various values of f, and grades of concrete. 











DOUBLY REINFORCED SECTIONS 





The table 45 to 56 gives various values of P, (percentage of tensile reinforcement) and P. 


ra 


; , a M. 
(percentage of compression reinforcement) for four values of a upto 0.2 against ¥) . These 


| tables are given for three grades of steel [Fe 250, Fe 415 and Fe 500] and four rrades of concrete 


| M, 
(M15, M20, M25, M30). Knowing bd? and £ , the values of P, and P_ can be calculated from 


these tables. 
T-BEAMS 


Tables 57 to 59 of Design aids are used for designing T-beams. In these tables, the values of 








th f ; ft , lim oi. Seite by D, i 
il moment of resistance factar F, 2 for different values of > and ee have been tabulated I 
wee fick Sw Pe 

against percetange of steel reinforcement (Pt). | 

f 


405 





LES Re 
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ts 


Tables 5 to 44 of Design aids give moment of resistance of slabs With bars of different di 
and spacing for concrete grades M15 and M20. These tables include ten different th; 
ranging from 100 mm to 250 mm. Knowing the actual moment comin 
Width, choosing suitable diameter, the spacing of the bars can be obt 
easily. 






R.C.C. Design and Drawing 
SLABS 


ee 


ame 
ckn ters 
6 on the Slab | 


ined from these ete 


bles 
AXIALLY LOADED COLUMNS 
ee 
The charts (24 to 26) given in design aids are very much usefi) in deciding ¢ ow 
columns at the preliminary design stage. Knowing Pu and Ag, percetange of reinfores. Uf the 
100A, | eee 
A, can be read easily from these charts. These charts are plotted for 6 different Brades of 
concrete (M15 to M40) and three different types of steel (Fe 250, Fe 415, Fe 500) 
Q09 


4° Ee 
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SOLVED QUESTION PAPER 


BTE DELHI, DECEMBER 2010 
ELEMENTS OF R.C.C. DESIGN AND DRAWING 


Time : 3 hrs. M. Marks : 100 


Note : Alfempt any Four Questions. 
Use of IS : 456 ts allowed. 
Assume Any Missing Data. 


Q. 1. (a) What is reinforcement ? What are the essential properties which a 
reinforcing material should possess ? (5) 

Ans. (a) Plain cement concrete has good compressive strength but very little tensile strength, 
thus limiting its use in construction. To improve the tensile strength of concrete, 
some other maternal, which is good in tension, is to be used as reinforcement in 
concrete. Many traditional materials such as bamboo and natural fibres have been 
tned as reinforcement but steel is found to be the most appropriate. In reinforced 
cement conerete, steel, generally in the form of steel hars, is used as reinforcement. 
Now-a-days, steel filrres and polymer fibres are also used as reinforcing material thus 
making fibre reinforced concrete 
The essential properties which a reinforcing material should possess are as follows : 
(refer article: Lo.) 

Q. 1. (6) Briefly explain different methods of HC.C. Design. (5) 

Ans. (6) Refer article 1.8. 

Q. 1. (ce) An R.C.C. beam 400 mm ~ 670 mm (effecive) is reinforced with 4-25 mm 6 
bars. The beam is subjected to BLM. of 250 kNm., Find the stresses setup in 
steel and concrete. Use M20 grade of conervte and Fe 414. The effective span 
of beam is 6.2 m. (15) 

Ans. (ce) Given 6 = 400 mm, d = 670 mm, / = 6.2 m 

M = 250kNm = 250 « 10" Nmm 


A. =4x—x95° - 1463.49 mm 


M20 conerete 
Ped li atee] 


a 7 N/mm’ lor M20 concrete] 
a, = 240 N/mm [For Fet 15 stew!) 


| 280 280 aay 
is | ¥ $a.. 4 : ° i mA | 


407 
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4odn 2 
3 
n’ 
n2 + 190.9n — 87708 
n 
a Moment of resistance 


M 


r 


w Stress in Steel (0,,) 
M 
M 
250 x 10° 
” c. 
@ Stress in concrete (¢,) 


O. 





m.A,, (d -n) 


HN] 


~ 13.33 x 1963.49 (670 —n) 


2 = 190.9(670—n) 


= 0 
= 917.84 mm 
= M, 


= OF Ay ( ~ n) 


237.84 
sy x 1963.49{ 670 - 2a7 8A | 


3 


= 1159872.86,, | 


= M, 


= 1159872.8a,, 


= 915.5 N/mm? 
a,,/m 
~ d—n 


a,, xn 915.5 x 237.84 
mid —n)  13.33(670 - 237.84) 


= 8.89 N/mm” 


Q. 2. (a) Explain the term M, limited and give the expression for the value of Fe 250 


and Fe 415 steel. 
Ans. 2(a) (refer Article 5.4.5.1) 


(5) 


M. limited is known as limiting or maximum value of moment of resistance and is 
ii 


x ul 


based upon the 





M 


uw lim 


a or limiting value of the depth of neutral axis 
f i 


ne é My mine O.42x max 2 
= O.N6f 5 seams = dl Is 
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__ Solved Question Paper 






For Fe 250, =e = 0.53 
M tim = 0.148f,, bd? 
. x 
For Fe 415, “i = 0.48 
M iim = 0-138 f., 6d 


Q. 2 (6) Find the ultimate mom 


Ans. 2 (6) Given 


w Depth of neutral axis (x,,) 


xy 


ent of resistance of a 300 mm wide, reinforced 
with 3-20 mm 6 and 2-25 mm 9 bars at an effective depth of 600 mm. Adopt 
M25 grade of concrete and Fe 415 steel. 


f 
d 


A, 


fk 
f, 


mie 





. d 


x 


x 


ia FTLG 


ii FTUuLA 


Il 


i] 


lI 


— 


Hence it is an under-reinforced section. 
# Moment of resistance (M,) 


M, 


— 
— 


(15) 
300 mmm, 
600 mm 
Bx 7 x 20° + 2x2 x 257 
1924.22 mm“ 
M25 conerete 
Fe 415 steel 
25 N/mm” for M25 concrete 
415 N/mm’ for Fe 415 steel 
O.87f,A,, 0.87x 415 x 1924.22 
~ “0.36f,0 = 0.36 «x 25 x 300 
257.3 mm 
0.48 [For Fe 415 steel] 
0.48 x 600 = 285 mm 
Xy 
0.87/, A, (d -0.42x, ) 
0.87 x 415 x 1924.22(600 — 0.42 x 257.3) 
341.76 kNm 
(5) 


Q. 2.(c) Explain different R.C.C. beam sections. 


Ans. 2 (c) Refer Article 2.2. 


Q. 3. (a) What is necessity of providing shear reinforcemen 


types of shear reinforcement used ? 


Ans. 3. (a) Refer Articles 3.3 and 3.4. 
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t. ? What are the various 


(5) 





a ————_——— 


a 








A.c.C. Design and Drawing 


| | oie 290 mm has a clear span of 5.5 m. The he : 
Q. 3 (b) ARGC. groom into the support. Factored shear force j, 140 pas 

2-20 mm ot ment length if Fe 415 and M20 grade of concrete ;, useg AN: 
Check for develop , = 250 mm, D = 600 mm (20) 


Ans. 3(b) Given 


[ =- 6.5m 
_~ 1 on? — 6! a 
A, ,atsupport = 2x7 ™ 20° = 628 mm 
V = 140 kN = 140 x 10°N 
Fe 415 steel 
M20 grade of concrete 


= Moment of resistance at the section (M,) 


re 
mM, = 0891; Aull a7) 


Taking 20 mm clear cover, effective depth, d = 500 —- 20-10 = 470 mm 


Z 628% 415 
. (628 x 470) 1- = 
M = 0.87x415x6 ( 250 x 70x75 | 


94,748 x 10° Nmm 
@ Check for development length : 
M, 














to = L, 
0.87/, 0 
Ly = AT 
Thy = 1.61.2 = 1.92 N/mm [For M20 concrete] 
B87 x 415 = 2 
a 0.87 « 415 » 20 - 940.2 mm 


4» 1,92 
@ Let us provide a 90° bend at the centre of support 
Anchorage length = 10 = 89=8 x 20 


lL, = 160mm 
ee 
oye = ——— +160 
_ 140 x 10 


836 mm >L, 
Hence codal requirements are not satisfied. So there is a need to increase anchorage 
length. 
@ Providing a U bend at the centre of the support 
Anchorage value for U bend = 160 
l, = 160= 16 x 20 
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Solved Question Paper - 
M, 47 94.748 * 105 
= 4 -'- —____ it 
7 0 140x103 +320 
= 997 mm > 940.2 mm 


M 
th > L, 


ence codal requirements are satisfied. 


H 
cantilever beam which 


, Design 2 ee ewe! Projects beyond fixed end by 1.8 m. 7 
Q.4 superimposed load on it is 10 kKN/m. Use L.S. method of aie oad 0 
orade of concrete, Fe 415 steel, a (25) 
4 Given | L =18m 

Ans- Superimposed load = 10 kN/m 
fz = 20 oad (For M20 concrete] 
f, = 415 N/mm lfor Fe 415 steel] 

ow __ 1800 
g Assuming d = => d =—{— = 260 Mmm 


Taking total depth as 300 mm at the fixed end and 150 mm at the free end, clear 
cover as 20 mm, § mm diameter shear stirrups and 16 mm diameter main bars. 


Effectivedepth,d = 300-20-8-8 = 264 mm 
Assuming’ = 200mm 
| Load calculation 
() Self wt. of cantilever (trapezoidal section) 


W - 5(0.3 +0.15)* 0.2 «18 x 25 


2.025 KN acting at the C.G. of the section 


0.39+2x015) 158 
Position of load from fixed end, x = | 94,915 |* 3 
= 0.6m 
(iu) Superimposed load = 10 kN/m 


® Bending Moment Calculation : 
(i) BM due to self weight = 2.025 x 0.8 = 1.62 kNm 


| vl? 10x 1.8" 
(ti) BM due tosuperimposed load = <= a a 16.2 kNm 


Total B.M. — 1.62 + 16.2 = 17.82 kNm 


Design BM = 17.82 x 1.5 
M. = 26.73 kNm 


if 


® Check for Effective Depth 


Pears rate Ge carer : are ‘a Bee AP ert ery ce Rey Baa Re Al On ray 
RE LAE LL ake iad Pate t,he Ae Br teeth da Aad aah eee Pe Rt er Ee EE Ri a Pll 
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ef 


A.C.C. Design and Drawing 






[z= 9.76 for M20 concrete and Fe 415 
| Step] 





dieqa = 220 mm < 264 mm (dcovided) 


Hence O.R. 
@ Area of Tensile Steel (A,,) 


M,, = 0.877, yAuill = re | 





96.73 x 10° = 0.87 x 415 x A,, x 264 ~ Box aseca 


96.73 x 10° = 95317.2A,,-37.454,, + 
A,* — 2545.18 A,, + 713751.67 = 0 
Ay = 320.9 mm 
@ Check for Minimum Area of Steel 
0.656¢ _— _ 0.85 «200 x 264 
= 415 
- 108.14 mm’ < 320.9 mm* 
Hence O.K. 
Using 16 mm diameter bars 


320.9 T 
No. ofbars required = “597 = 2 |Area of one bar = 4° 16° - 904 mm’| 


Provide 2 bars of 16 mm, diameter, A,, provided = 402 mm* 
@ Design of Shear reinforcement 
V = 2.025+10*1.8 
= 20.025 kN 
V = 20025 N 
V, = 20025 x 1.5 = 30037.5 N 
@ Nominal Shear Stress (t,,) 


= 4 = SS 056 Nimm 
» = Gad ~ 200x264 


Tem = 2.8 N/mm? (from 1,S. Code} 
*, <t,.,, hence<).K. 


case cminnnnnan nee 
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A. 402 x 1 
Pp, = =x100 = ea00 


200x264 2/8 


For M 20 concrete and p, = 0.76 


0.62 - 0.56 


t. = 0.56+ x 0.01 


; 0.25 
0.562 N/mm* > ‘,, 


Hence nominal shear reinforcement is required maximum spacing as per nominal 
reinforcement : Using 2 legged 8 mmo stirrups 


i 


| O.87/,A,, 
“o 0.46 


as 
I) 


2x 7 x 8? = 100.53 mm” 


a! 


0.87 x 415 x 100.53 
= 0.4 x 200 


453 mm 
The maximum spacing of shear stirrups should not exceed: 
(i) 0.76d = 0.75 x 264 = 195 mm 


(a) 300 mm 
- Provide 2 legged 8 6 stirrups @ 190 mm c/c thoughout the length of beam. 


8 Check for deflection 


Pp, = 0.76 
| A stread. | 
f = 0.58/, | 
Phy siveisrctius 
, 320.9 
= Ree dia) Soo 
= 058x415] 402 
= 192 N/mm* 


the 


For p, = 0.76 and f, = 192 N/mm* from IS code 


= 1.35 (approx.) 


= 
| 


= 7xk, =7x135 


—s, 
mo 
"We 
3 
= 
| 


= 9A5 


‘) 1800 _ 
CF) . 264 =O. 
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4) 
(5). > \d ‘prowided 





| 0.87f,% 
hg = Ataa 





1.6 x 1.2 = 1.92 N/mm’ 


for M20 concrete and Fe 415 ste 
Stee] 
0.87 x 415 x16 
by =~ 4x192 
- 752mm 


All the tensile reinforcement bars must go into the support for a distance say 800 = 


(> L,). | _— | 
The details of reinforcement are shown in the following figure. 





2igd 8 OG 190 clc 
— 27-816 mm dia 


Fig. 1. Cantilever beam 


Q. 5. (a) Write down the steps in design procedure for an isolated footing of uniform 
depth for a column. (7) 

Ans. 5 (a) Refer article 12.5. 
Q. 5. (b) A rectangular R.C.C. column is to be designed for an ultimate axial load of 
2500 KN. Use M20 concrete and Fe 415 steel. The effective length of column 


is 8 m. (18) 
Ans. 5.(6) Given Pu = 2500 kN 
lar = 8m 
M20 concrete 
Fe 415 steel 


Designing it as short column 
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D2 _ or 666.6 mm 


y column dimensions as 700 mm x 700 mm 


‘alan 
. Tak hort axially loaded column. 


For designing 4 § 
| | D_ 8000 , 700 


min = 500° 30 500 ' 30 


re 
I 


[Assuming J, = Laupported! 


ei, = 39.33 220mm 
ein » 0.05 D 

0.05D = 0.05 x 700 = 35 
Cin > 0.05 D 


, ce this column is to be designed for combined, axial load and bending. But since 
ee syllabus Only short axially loaded column. are there, So assuming it to be an 
sill? loaded short column ande,,,, + 0.05 D 
P, = O47,.A,+0.67/,. A, 
2500 x 10° = 0.4 x 20 x (700 x 700 —A,.) + 0.67 x 415 x A, 

lying It the A,. comes out to be —ve therefore the concrete area provided 1s more 
“han required hence calculating the required concrete area 

| 2500 x 10° = 0.4.x 20A. 


A, = 312500 mm° 
Taking A, = 0.008A, [assuming 0.8% minimum steel] 
= 0.008 x 312500 
A, = 2500mm‘* 
Using 20 mm diameter bar, 
Area = 314 mm* 
2500 





No. of bars = 314 = 7.96 say 8 


Provide § no. 20 mm diameter bars. 
g Lateral Ties: The diameter of ties should not be less than 


() 520-5 mm 


(2) 6mm 

The pitch of the ties should not be less than 

(i) least lateral dimension = 400 mm 

(u) 16 x 20 = 320 mm 

(1) 300 mm 

+. Provide 6 mm 6 @ 300 mm c/c as double ties. 


Pe | 
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6 mmo @ 300 mm cc — 


, a = . : ln by 
». 7. (a) Design a simply supported slab 
— of 10,000 Nim? on an effective span of 3.5 m. 
Fe 415 steel. Apply all relevant checks. 


Ans. 7(a). Given lar 


tf! 


w Assuming total depth (D) 


Taking al 


- Trying D = 150 mm 
d 


= Moment and shear force calculation 


iw 
Ultimate load 


Factored moment (perm) 


M, 


Factored shear force (per m) 


m Effective depth required 


xy Tithe 


a 
R 


li 
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Fig. 2. 
IS code method the slab carries 1, 
Use M20 grade of comers oP 
(20) 

= 4.0m 

= 10 kN/ m* 

M20 grade of concrete 

Fe 415 steel 

_ 1 _ 3500 440 wm 

- 25 2b 

= 160-25=125mm [Effective cover = 95 mim 


= 10 kN/m* 
w, = 10 1.5 = 15 kN/m* 


} 
_ Wy t 


qe 


8 


15x3.5° 


i 


= 22.97 kNm/m 


ll 


99 97 x 10° Nmm/m 








26,25 KN 
= ().45 (lor Fe 415 steel 


= 2.76 [For M20 concrete and Fe 415 steel] 


— — 


Solved Question Paper 






req. 


i! 
as 

= 
oO 


22.97 «10° 
~ V 2.76 x 1000 


91.22 mm < 125 mm 


Hence O.K. 


Hence the seciton is under-reinforced. 


— © Tensile Steel (A,,) 


g Area 0 


M 


ul 





A, 
O.B7/, Ay vd “F “ : | 


A.4156 
9997x10° = 0.87 415% Ay 125 1- at | 


20 x 1000 x 125 
29.97 x 10° 


45131.25A,, -7.49A2 
42 -6025.5A,, + 3.067 x 10°=0 
: 





6025.5 +,/(6025.5) — 4 x 3.067 x 10° 
a 


A, = 561.3 mm* 


Tt ee 2 
Using 10 mm diameter bars, A, = % * 10° = 78.5 mm 


1000 x A, 1000 x 78.5 


Spacing of 10 mm dia bars A. 13.7 139.8 mm 


Provide 10 mm @ bars @ 130 mm c/c 


“78 5 
A _ 1000x789 _ 693.8 mm? 
sf provided 130 





This spacing should be less than 
(i) $d = 38x 125=375 mm 
(2) 300 mm 


Bending alternate bars at 7 - 500 mm from centre of support. 


A,,atsupport = 969 mm 
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R.C.C. Design and Drawing 


B Distribution Steel 


Distribution reinforcement is provided in the longer direction choosing, 
bars 1 Steg} 


0.15% of X-sectional area 


A,, 


O15 
7 * 1000 x 150 = 225 
100 mi’ 
Using 6 mm o bars 


fl oop? 97a4. P 
A, = rai = 28.3 mm 


1000 x A, 
Ay 


Spacing of 6 mm 6 bar 


1000 x 28.3 
aa a 
Provide 6 mm 6 @ 125 mmic’c in the longer direction 
@ Check for shear 
Factored shear force = V,, = 26.25 KN = 26250 N 
| = Nominal shear stress, T, 


= 125.7 mm 


V, _ 26250 
| % = bd 1000x125 = 9-21 N/mm’ 


iid @ Design Shear strength of concrete (T,) 


i 100x302 
P= 1000x125 = 90-24% 


For p, = 0.24% and M20 concrete 


“4 
| 


0.98 4 aa - 0.28 


+ ie nae | 0.34 -— 0.15) 


0.352 N/mm* > t, hence O.K. 
@ Check for deflection 


100.A,, 100 603.8 
P, bd  ~ 1000x125 948% 


- = 0.58f sf real | 
I : Fe provides 
661.3 
- O.58x4i 5| Pore | 
f, = 224 N/imm? 


380 











Solved Question Paper 
0.48%, {, = 224 N/mm? 
= 1.5(approx.) 


2 3 
1 ol 


—_——~ 
als 
a 

: 
i 


20x k,=20x 1.5 


30) 


t | 3500 
a = —=28 
(a 125 


i] 


l > (*) hence O.K. 
a. ie ld provided 


ul Check for development length 
Moment of resistnace at suppport by 10 mm bars @ 260 mm c/c 
| A, = 302mm? 


af 


0.87/.A,,.d , Ae 
hy SOP fy bd 


415x302 


0.87 x 415 x 302 x 125{1 — 50x 1000 x 125 


12.94 x 10° Nmm 
96250 Nmm 


II 


V 


Providing on hooks, /, = 0 


My, _ 1294x10° 
, : 


_ eS +0 = 493 mm 
Vi 26250 





(O.87f, J 


Lis = AT. 


12x 1.6 = 1.92 N/mm? (For M20 concretel 


Thad 


| 0.87 x 415 x 10 
bg = 4x 1.92 


470 mm 


M, 


u 


hence O.K. and codal requirements are satisfied. 


The arrangement of reinforcement is shown in following figure. 
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A.c.c. Design andDrawing __ 











vio @ 220 mmec , 


| 

te 

| 

7 { a0 mmr 
| 

: 

i ‘7 


#10 @ 130c’c 





6a 7 125 c'c 


Fig. 3 


Q. 7. (b) Calculate MOR of the following 
T-section by Limit state method. (5) 


Ans. 7 (b) Given by - {800mm 
A, = 4x 5 x 25° 


= 1963.49 mm* 
D, = 150mm 
Assuming M20 concrete and Fe 415 steel 
d = 600mm 





b = 230mm 
f, = 20 N/mm* 
Ib = 415 Nénm" 


m Assuming the neutral axis to fall in the flange 
O87, Ay 0.87x 415 x 1963.49 
Xy = 0.36f4.b, ~ 0.36 x 20x 1800 


—_— * Fy 
x, = 54.7 mm < D; 





Hence N.A. lies in the flange ; 
x... = 0.48 d = 0.48 x 600 A 
= 285 mm > x, 
Hence it is an under-reinforced section 
= Moment of Resistance (M,) 
, | Awl, 
M, = 0.87/, Aud = fe | 
: | bh, hikes } A 
i 1963.49 x 415 
— O87 « 415 = 1963.49 « 600) 1 - ————- 
= Tx 415 ™ 1963.4 « 600 16 A 


- 409.30 « 10" Nmm 
M = 409,30 kNm 
QOOU 
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